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Executi ve Summary

This document presents recommended code chang

Commi ssion wi ||l be co2a82d¢éfi ygufbavadopmment s
suggestions prior to 1 h@toiatdloepZ 4 sotna, k. ephl celadseer se.ntac
Comments will not be released for public revi

| ntroducti on

The Codes and Standards Enhancement (CASE) 1In
to support the California BEBmesgiyolpmenif 65si bsa bt
t he CalEinffogyi(&fodée 24, Part 6) to include new
existing requirements for various technologi e
(Il OwPpcific Gas and EIl egtor i GasCamparmry .ec$ancDi a
Cal i forniandcdtivwvonPubl i cliytoB@wrAend) el teisl iDteipaag t me n
Water and Power and Sacramento Municipal Util
Statewide CASE Team when iinscpl nusdoirnegd tthhei sC AeSTE oA
program goal i's to prepare and suUbfmictt ip/reoposa
enhancements to improve energy efficiency and
buildings. This report and t he carde a hpaanrgte opfr
effort to devel opf tecthinveméeés anidnfcosmati on for
on buil dienfgf iecnieerngty desi gn practices and techno

The Statewide CASE Team submits code change p
t het ate agency that has authority to adopt r e\

Commi ssion will evalwuate proposals submitted
stakehol ders. The Energy Commi ssion may revi s
Commiosnsbis 2022 Title 24 website for informatio

how to partici pltttep si:n/ /twhwew.pernoecregsgsn-:-da . gov/ pr ogr
topi cs/ progamsedhfuiicsitieanncdya r ¢bsi1/i 2-@A dhrgpdVf | Ci ency

The overal IFig@ASE oRephrits i s to present a code
refrigeration syst emsaruwthioluiszeesd ainnd rceofnrmeqg ecri aatl e
(supermarkets). The report contains pertinent

Measure Description
Background I nformati on

Submeasure A: Design and Contr ol R&Eguat eement s

Transd¢r igtOé crmi gerati on systems are a growing t
seeking | ow global warming potenti al (GWP) r e
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commercial refrigeration and refrigerated war
8 CQas arigerant requires unique design and ¢
other refrigeration systems with more common

hal ocarbons). The proposed code changes provi
24, Part 6 faryptesed® <yxaatremy best practices f

Submeasure B: -Moail emdmCéAndenser Sizing and Spe
Packaged Refrigeration Systems

Packaged refrigeration systems combine all th
i nmodul ar units that can be distributed aroun:
systems. They typically use ammonia as the re
single charge, thus providing refrigerated wa

refrigeration system.

A mar ket study was conducted to understand ho
designed for | arge central systems affect the
systems. The proposed code chauzgesegqaoaule meadu
air cooled condensers for these systems to ma

Submeasure C: Evaporator Specific Efficiency

Il n a mechanical refrigeration system, the eva
from the air hbheaisngecothleedpaEvaporator efficiel
amount of heat it can absorb divided by the a

the fan motors which are used to evenly distr
mar ket study warsd earomntdaurcd etdh & oefuf i ci ency of ave
coetff fectiveness analysis was performed to est

specific efficiency thresholds that result in
Submeasure D: Automatic Door Cl osers

The psefd code changes add requirements for au
refrigerated warehouses to further reduce inf
enters the space being cooled and can account
| oads gienr arteefdr iwar ehouses. High amounts of infi
on mechanical refrigeration systems and thus

Submeasure E: Acceptance Testing for Commerci
Requirements for commescihalver dbeeingemnatl udedsy s
6 since 2013. However, acceptance testing for
not yet been included in the reference append
procedures, installationbk tamghilahoenraswmbhyin
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increase in statewiFdeCchE8ErBgpastaageroghses acc:i
testing procedures to Iimprove future complian

Proposed Code Changes

Submeasure A: Design and Contr ol R&égeat eemment s

The proposed code changes would result in the

CQrefrigeration systems utilized in commercia

warehouses:

T Restricticomd eadn gaisr cool ers in high ambient
to reduce the number of supercritical opera
gas coolers include water cooled condensers
adi abaticrsgasandodvwvaporative gas cool er s.

o0 Restricted Climate Zones for Re®rliOger at ed
11, 12, 13, 14, and 15
o Restricted Climate Zones for Commerci al R

12, 13, 14, and 15
T Mi ni mueno @li ed anidc agdaisa bcaotol er si zing and spec
t o ensueafef ecootsitve design of the refrigeratiol
equi pment, balancing first cost of the equi
that are achieved wet hstmfgees heat exchang

T Supercritical optimized head pressure contr

setpoint to be reset in response to ambient
T Ambi ent temperature reset control strategy
Ssubcritical operation

f Mini matmusated condensi mdgf otre nspyesrtaetnusr ewiotfh 6d0e <
saturated suction templeoaherasef70ess than

1T Heat recovery fxsrysttreanss drni tsiugelr ma® ket s . Ref
equi pment in super mar ketnaicnrteaitne sc oamfhoeratta bnlg
temperatures for shoppers. As a result, sup
hours than most occupanci es. I n most <cl i mat

refrigeration system can be recoveoveedr yt o pr
is already required for other refrigeration
equi pment for hsygéetemesbBbave LOfferent costs
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Submeasure B: -Moail emdmCéAndenser Sizing and Spe
Packaged RefSyisgieernast i on

The proposed code change would decrease the m
requirements for air cooled condensers that a
refrigeration system as summarized in the tab

Tabl:ackaged Refrigeration System Code Change

Exi sting Rec¢ Proposc
Require
Freezer Systems (Si 1 @F 13F
Cool er/ Dock Systems 13F 2AF
All Systems Types (75 Btuh/ Watt 60Btuh/V
All Systems Types (65 Btuh/ Wat't 60 Btuh
The code | anguage would also exempt packaged
hor sepower, similar to the existimcgrdxemptsiiare
Submeasure C: Evaporator Specific Efficiency

The proposed code change would set a minimum
process cooling/freezing appl Ataerons erRteastkt
mar ksgtudy of doscti ®naiydodf ewmiptog awiotrhs , e fofnil oyi enc
60th pewceindibe(alélCowed€tentrrenwo wlrd dnuactt sb e

compl.i alnhe proposed thresholds are summari zed
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TabR&vaporatcarf iSpefficiency Proposed Threshol

Evapor a Liquid Feed Refrige Mi ni mu
Applica Type Effici|
Freeze Direct Expa Hal ocar 40t uh/\
Freeze Direct Expa Ammoni ¢ 25 Bt uh
Freeze Flooded/ Recirc Ammoni ¢ 45 Btuh
Cool er Direct Expa Hal ocar 438t uh/\
Cool er Direct Expa Ammoni ¢ 35 Btuh
Cool er| Flooded/ Recirc Ammoni ¢ 50 Btuh

Submeasure D: Automatic Door Closers

The proposed code change would require two ty
installed on doors in refrigerated warehouses
dock space from a warmer temperature space ofr
amutomatic hinge that c¢closes the door from an
mechanism that ¢l oses the door completely if

opened) .

Submeasure E: Acceptance Testing for Commerci

The pr oapcocseepdt ance testing procedures for c¢comme
| anguage added to the Nonresidential Appendi x

T Condensers and Condenser Fan Motor Variabl
evaporative cooled, and adiabatic)

T Compressor Floating Suction Control s
T Liquid Subcooling

T Refrigerated Display Case Lighting (motion
control s)

T Refrigeration Heat Recovery

Scope of Code Change Proposa

summari zes the scope of theeprioponsedf cBagesr
Reference Appendices, Alternative Calculation
compliance documents that would be modified a

2022 Title 24, Parti 260 2RR@@W ROGREL|6Re por t



TabB8e Scope of Code Change Proposal

Measur e Name Type (Modified Se Modifie(WoulAdMModi fie
Requireof Title 24 24, PatRefereiCompli a
Appendi Manual | [Documen]
Modi fi
Design and Cont Mandat|Section 100 Nonresi ( N o NRC®RECE
Requirements fo Section 120 Appendi:
CQOSyst ems Section 120
Mi ni Mu-@ool ed Cor Mandat| Section 120 N/ A No NRC®RCE
Sizing Requirem
Packaged Refrig
Mi ni mum Evapora] Mandat| Section 120 N/ A N o NRC®REE
Efficiency Requ
Aut omatic Door | Mandat|Section 120 N/ A N o NRC®RCE
Requirement s (currently
120.6(a) 6)
Acceptance Test Mandat|N/ A Nonresi ( N o NRCRRC
for Commerci al Appendi
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Mar ket AnaRggubkbabady Assessment

Because all of the proposed code changes i mpa
refrigeration market, the market structure 1is
actors include manufacturers, dnséengbnoeers/ sa
installation contractors, and end users. Refr
design engineers or design build contractors
equi pment manufacturers (OEMs).

Overall, the proposcetd expdec tcench ntgee shawe i gni f i
technical barriers as multiple suppliers offe
technol ogi es.

Compliance for the proposed code changes i s e
that already occurcd oaof emsiustiingg coaog e i laamanguag ¢
warehouses and commerci al refrigeration.

Cost Ef fecti veness

The code changes are being proposed to only t
found to be cost effectiveostodéfebange Wwas f
zones where it is proposd¢ad otsaa b(eB/rCoq uiarte d. cTohn
benefits or cost savi Rygesart op etrhieo dc oosft sa noavl eyrs itsh.
changes that have a BaCerafbfdctoifve. OTlag Igareqdr
ratio, the faster the measure pays for itself
t heual iefqyuiinpgme h i nzaotnee 6§t er accounti ngafchhr except
submeasure are summamw.Seed Sen@ttidogd stB.pbd abn. bde | o

for the metbaompgbiogy, asd refsfuddtsi wdnddhe Trosdlty -
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Tab#: 8 ne-ft LtosRati o Range Summary
Submeasur e Name Prototype Description Mi nim Maxi m Excl ud

B/ C R B/ C R Cl i mat

Zones
Design anBedowinteiLarge Ref|Aicool ed gas cool er 1.1 3.21, 2,
for Tr ansxSryisttieans| War ehouse 6, 7,6
Design and Contr Large Ref Gas Cdadlzemmg (6F Ap 1. C 3. 14 2,4, 8
for Tr ansxSryisttieans| War ehouse
Design and Contr|Large Ref|Supercritical Optir 1. C 4. 9 Al
for Tr ansaSryisttieans War ehouse Control with Modul &
Design anBedcwintetLar ge Aicrool ed gas cool er 1.1 4. 61, 2,
for Tr ansxSryisttieenas Super mar k 6, 7, |
Design and Contr Large Gas Cooler Sizing 1.5 9. 2 N/ A
for Tr ansxSryisttieens Super mar k
Design and Contr Large Supercritical Optir 1. C 1.7 Al l
for Tr ansaSryistieans Super mar k Control with Modul &
Design and Contr Large Heat Recovery 1. C 2.5 15
for Tr ansxSryisttieans Super mar k
Mi ni mu@odli ed ConiLarge Ref Revised mini mum gas 1.0C 2.4 N/ A
Sizing Requireme Warehouse/requirerent) (15
Refrigeration Sy
Mi ni mum E vSappeocriafti Smal | Ref|Cool er/ Dock iBDapor ¢ 2. 2 3.2 N/ A
Ef ficiency Requi Warehouse Hal ocar bon
Mi ni mum Evaporat | Smal |l Ref | Freezer EV®DXoHat @rcs 3. C 3.5 N/ A
Efficiency Requi Warehouse
Mi ni mum Evaporat | Smal |l Ref|Cool er/ Dock iBDXapor ¢ 2. E 3. 8 N/ A
Efficiency Requi Warehouse Ammoni a
Mi ni mum Evaporat Smal l Ref| | Freezer EW®DXo rAantmemm ¢ 3. 2 4. 6 N/ A
Efficiency Requi Warehouse
Mi ni mum Evaporat Large Ref|Cool er/ Dock TEvapor & 3. 3 6. 1 N/ A
Efficiency Requi Warehouse FIl ooded/ Recirc Ammg
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Submeasur e Name Prototype Description Maxi m{ Excl ud

B/ C R/ B/ C R Cli mat
Zones

Mi ni mum Evaporat Lar Freekwaporiailoorosd e d/ s 7. 8 N/ A

Ef ficiency Requi War Ammoni a

Automatic Door Cl|Lar Automatic door cl ocs 2 1.6 16

Requirements Wa r

Acceptance Testi Lar N/ A 1 22. N/ A

for Commerci al R/ Sup

2022 Title

Par ti 260 2RPR@ @ VP ROACRE2|0ORe p 0



Statewide Energy | mpact s: Energy, Wat er
Emi ssions | mpact s

Tab%presents the estimated enepgypypaseddemded i

change that would be realized statewide durin
24, Part 6 requiremeadrs atratewi ¢d femcer gyiirmpa
represented by the following meaoupers:yedrectri
(GWh/yr), peak electrical demand reduction in
million theMMWBheorems Yeaaonf@l ti me dependent valu

savings in kilo British thermal ®ni5B8sl5per yea
4. 55.15. B6n.d50r more detyielas on att eevi dier stmpacts ¢
the Statewide CASZE 3T,&a,88. 3SRcBj dac&d3ont ai ns

details -anithenpegy savings calculated by the
For Submeasure A (Design and Cont sSyls tRengsu)i,r e m
t he St & CtAeSVEi dTee ambés goal is to clarify best pra
proposed code | anguage results in incremental
Tabbaendabbébcel owyefairr st at ewi de energy savings d
electricity or natural gas savings from the f
already absumedntdard practice or already inte
f Submeasure A: Mi i nfusm ahQ@Tarodf padOacti ce)
T Submeasure A: Ambient following head press
operation (standard practice)
T Submeasure A:OpGaismiCoeod eHead Pressure Contro
modul ation (standard practice)
f Submeasure A: Gas Cooler Specific Efficien
f Submeasure A: Adiabatic Gas Cooler Sizing
T Submeasure A: Heat Recoverbe(alregdyremeat
Section 120.6(b), although neverRepreptsiit]l

Fi fyeetar st atewide energy savings for Submeasur
gas cool ecsolasmd @qas cooler sizing.
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Tabbe FiYeatr Statewide Energy and | mpacts
Measur e El ect Pea Nat u TDYV
Savi El ect Ga s Ener
( GWh / Deman Savir Savit
Reduct (MMThet (mi | 1
( MW sl y TDV
kBt ul/
Design and Cont 1. ! 1.1 0 7.0 2
Requirements fg
Transcr i#Siycsale nC
(Total)
New Constructic 1. ! 1.1 0 7. C
Addi tions and A N/ N/ 4 N/ . N/ |
Mi ni mu rC olilred N/ N/ ¢ N/ 4 N/ |
Condenser Sizin
Specific Effici
Package Refrige
Syst ems
Evaporator Spec 6. | 1.9 0 18.%
Efficiency (Tot
New Constructic 2. 0. 6 0 6 0.
Addi tions and A 4 . | 1.3 0 12.6]
Aut omatic Door 0. . 0.0 0 10.
(Total)
New Constructic 0. 0.0 0 3.
Addi ti AAld eamd i | 0. | 0.0 0 7.
Acceptance Test N/ N/ ¢ N/ 4 N/ |
Commer ci al Refr
TOTAL 8. | 3.0 0 2 0.4
Overall, the proposed code | anguage associ at e
reduce the ener gyefaadmgseunmpteido waofehouses and | a
10 percent and 5 percent respectively per pro
an increase to the stringency of the energy c
are reported. Subeéasoreef€ucses eEhpeehergy cons:

refrigerated
refrigeration
consumption for
an increase to
are reported.

wWwa rpehacwends pley Hrototype
system and refrigerant. Submeas
refriger8ubctewaveboEsdobygy hop
the stringency of the energy ¢

dependin

t he
Av o

e GH Ganait £ 9a sasveociidaetde d wi t h
are in effect.

Tabépresents the
code chandgéhet hgeat andards
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measured in metric tons metcaciedpndAessudept eqn
used in developing thee@HGNS25&HdN2Hd 28xn2d pr ov
Appenaoifx thhi §heemontet ary value of avoided GHG
TDV cotsdr § and i s thucetf hetudedhegss she

Tab6:e FiYeat Statewide GHG Emissions | mpacts

Measur e Avoi ded Monet ¢

Emi ssi Val ue

(Metrisc Avoided

CQel vy Emi ssi

($20:¢

Desi gmCoaantd ol Requi r eme 14 $14,
Transcr pdystaé mCO

Mi ni muGodi ed Condenser N/ N/

Specific Efficiency of
Syst ems

Evaporator Specific Ef 38 $40,
Aut omatic Door Closers 19 $2,C
Acceptance Testing for N/ N/
Refrigeration

Tot al 53 $57,

Water and Water Quality | mpacts

The proposed measure is not expected to have
i mpacts t hpaotweorc cpulra natts. Water use may i ncrease
measur e of fcetlreidc tgiarsg caiorl er ss yfsotre nisr a(nSsuchrmet ai sci
A). The average expected incremental annual w
prototype andklargeo8OpPpepPp@®di gall ons per year
gall ons per year respectively assuming the us
Compliance and Enforcement

Overview of Compliance Process

The Statewide CASE Team worked withdesdt akehol d
compliance and enforcement process and to ide
have on various mar ket actors. The c®2mplbance

3.1451551. ®6n.dl. 3 mpacts that the proposed measu
actors is Alpmpenrdib®ehlE iney i ssues related to cor
enforcement are summari zed bel ow:
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T Evaporator manufacturers would be requirec
of their typsiuchari teagaudi pdnoecrutment ati on (i nput
particular rating conditions).

T I'ndividuals that perform acceptance testir
perform new acceptance testing procedures
and tr ansaS@isttiecms .

1T There currently does not exi st any compl i e
Part 6 that are able to confirm published
performance. Exploration of requiring evar

ceintidf ratings was explored but cannot be 1
mul tiple competing standards and ongoing ¢
which standard is most applicabl e.

Field Verification and Acceptance Testing

Submeasure A: CDhedirgpn &Redjui rements23ypstdmanscr

The orelgwir enveonul d hrdeowil  mewnagccept amacebd esti ng
f ogras cool erh ec atnetsrtolenlg tkieceu Icb nldlenser acceptance
procedures already tdedewapedofisesrefrigera

Compliance for the gas cooler sizing and spec
atcrool ed gas coolers, and minimum saturated co
requirement would not require additlidomal acce
achieved through initial permit review of the
simple field verification of the minimum SCT
existing compliance form used for refyergériane
woul d be fmaditfhieeddesi gner to indicate the page

where t hef patitsr esupleaaridf iaed h eoc proxnpt t he buil di
to verify the requirements.

Submeasure B: -Moail emdmCaAisdensgr and Specific Ef
Packaged Refrigeration Systems

Compliance for thecoelvVededomdenmem airing and
requirement for packaged refrigeration system
testingancCeompdul d be achieved through initial
refrigeratiamnomrmluaepetkinfti,cat eabfonnby the insta
anduilding deparofmenheiinepteoadleided oamidenser. The
comphce form used for refrigerated warehouses
building inspector to verify the requirements
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Submeasur
Complianc
woul d not
initial p
install ab
buil ding
form used
i nspector
manuf actu
i's curren
Submeasur
Compliane

addi ti ona
review of
depart men

Submeasur

This prop
requireme

e C: Evaporator Specific Efficiency

e for the proposfeidc meihfi muimeevwpoe @t iol
require additional acceptance testd.i
ermit review of t hae csoenipd cetteedd rceefrrtiigfe
nbnr mhasgp etchiaftiieedn eeyf fof werae oir mintadals| e d
deparofmenheiinspealtli e evaporators. TI
for refrigerated warehouses would b
to verify theckedwixresmartco ranagfliyl |
res would be required to provide rat
tly not typically provided as part o

e D: Aut omatic Door Cl oser s

epfoposédd automatic door closer requi
I acceptance testing. Compliance wou
the equipment specified buithle ndjoor
t thiatnbpeautomati c dobs ctchesall adr dwar

e E: Acceptance Testing for Commerci

osed submeasure would add acceptance
nt s.
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1l ntroducti on

This document presents recommended code chang

Commi ssion wi ||l be co2a82d¢éfi ygufbavadopmment s
suggestions prior to 1 h@toiatdloepZ 4 sotna, k. ephl celadseer se.ntac
Comments will not be released for public revi

The Codes and Standards Enhancement (CASE) 1in
t o s utplp@arlti fEonrenrigay Co insginegiggn Commerstd otho updat
the Californi(adiEflePgyd COrdel ude new requirement
existing requirements hfroe€Ca lviafro ouisa tlecheaotl @rgi @\
(Il OWPpcific Gas and El ectric Ceocntpaanngyo,u tShaenr nDi e
Cal i fornjiandcdtiwaonPubl i cliytoB@wrAend) el teisl iDteipaag t me n
Water andnBo®wacramento Municipal Utility Dist
Statewide CASE Team when iinscploundsionrgefdif léhd SASE A
program goal i's to prepare and suUbfmictt ip/reopos a
enhancemempeewer gy edridceraercyy p&raflorf mamdea

buildings. This report and the ao@epathlmegfe pr
effort to devel opf tecthinvemes anidnfcommalti iremefndrs
on buil dienfgf iecnieerngty desi gn practices and techno

The Statewide CASE Team submits code change p

the statkatwgkeasyatuthority to adopt revisions
Commi ssion will evalwuate proposals submitted
stakeholders. The Energy Commi ssion may revis
Commi ssi ondés 2240 vk bBiittle f or i nformation about
how to participhatepsn/ thewvap egooeve gagn-d g r a ms
topi cs/ progamsedhfuiicsitlieanncdya r ¢bsi1/i 2-@@A dhredVf | Ci ency
The overal IFig@@ASE oRe pp dpiirte siesntt ;a code change pr
Refrigeration System Opportunities which cons
T Submeasure A: Design and controesysteegmsr eme
T Submeas Mi @i Bhiveno @l ed condaendespscefihgreffic
packaged reftremerati on sys
T Submeasure C: Evaporator specific efficien
warehouses
T Submeasure D: Automatic door closer requir
T Submeasure E: Acceptance testing | anguage

refrigeratentns requirem

The report contains pertinent i nformation supf¥
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When developing the code change proposal and
presenterdepor tt,hitshe Statewide CASE Team wor kec
stakehol deg smamuefladtiurers, engineers, facilit)
involved in the codeThe mpitbpamrsmd rpatoecs sfseedback
during a public stakeholder workshop that the
November arnd 2A0#r®i210 .2,

The following is a brief summary of the conte

1T SectliGubmeasure A: Design and Control Requi
CQ@Syst ems

1T SectiiGub3neasur-@GodBl:ediCondenser Mini mum Si zi
Efficiency Requi r eniernitgse rfaotri oPna cSkyasgteedmsR e

T SectiiGubdmeasure C: Evaporator Specific Effi
Refrigerated Warehouses

T SectiiGubSneasur e D: Aut omatic Door Closer R €
Warehouses

1T SectiidGunbBneasure E: Accampdguaage ffTestkExigsti ng
Commerci al Refrigeration Requirements

T Sectiid®Proposed Revisions to Code Wwabhbuage co
specific recommend@debeasi wnddpr faddidt i ons)

| anguage for RefeerSammed aApdmpsendi ces, Al ternat|
Met hod (ACM) Reference Manual, Compliance M
document s.

T Bibliograpdhiyts the reavewcds CASE ThkamStsed
devel oping this report.

T Appendi 8t At ewi de Savpngsehéshotdel mgyhodol og
assumptions used to calcul ate statewide ene

T Appendi EmBedded EIl ectricitpy eisenWat eaheMet hod
met hodol ogy and assumptions used to calcul a
use (e.g., electricity used to draw, mo v e,
resulng from reduced water wuse.

T AppendNomiCn al Energy Cost Savings presents

submeasure in terms of nominal dol | ar s.

T Appendi EnDironment al | mpastesat Met hedmkobpdol
assumptionscuwlsatde tiomgadt s on GHG emi ssions
qguality.
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Appendi XaEi fornia Building Energy Code Comp
Specifprcasenns relevagesptopbobedcompliance
any) .

Appendi kmpacts of ComplianceprPredertss law Mah
recommended compliance process could 1 mpact

Appen&:i xSummary of StakehodudmemhEnNghhemeat mac
to engage and coll aborate with mar ket actor

AppendS$ixmwH ati on Assumpti onsufmorarB wielsditrhge P
simul ati oonassuenptiin the DOE2. 2R simulation

energy i mpacts per measure

each section discussing individual submeas
nformation i s provided:
T Secti damMeXdslre Description ptrhoev indeeass uvar ed easncdr i
background. This section also presents a de
change is accomplished in the various sect.i

Title 24, Part 6 Standards.

SectidnnX.aaddi tMaomk dto Arealiyosni,s t hi s section i
review of the cur Sectiomar Ke2. 2t desttui des th

i ssues associated with the code change, 1inc
overlaps or conflicts with oshesupbrasohsre
seismic, and other safety standards, and wh
enforceability challenges exist.

SectidmlEnXr3y Savings -pmieseansr gphe ¢gemand r e
and energy cost savings aodaecicahtaendyewi tThitsh e
al so describes the methodol ogy that the Sta

peunit energy, demand reduction, and energy
SectidmfhXsd4section includes a discussion an
mat eri aalbscraoqpqui 1ed to i mpl ement the measur e
i ncrement al cost . It also includes estimate
equi pment | ifetime and various periodic cos
mai ntenance dwdi nd tamal yesi s.

SectidfriXsd Year Statewide I mpacts presents
and environment al i mpacts of the proposed c
2022 code takes effect. This woudldakes tlye a
California building owners and tenants and
material with emphasis placed on baynyt hneat er i
state of. Cattatt ewinde water consumption | mpac
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2 SubmeasurbeesA gn and Contr ol
for TransSystieamal CO

2. Measure Description

2. 1Mdas WOveer vi ew

This code change proposal includes minimum de
carbon dipxtdené€C€Oitical refriedern gteiran esdy wiae @
(Section 120.6(a)) and commerci al refrigerat.
requirements include the foll owing:

T Aicrool ed gas cool er restriction, which rest
in high ambient temperature climate zones
supercritical operating hourxtool Adaicloaldlea se@
connectedoltiong@ tower, adiabatic gas cool er
cool ers.

T Mini meeno@lied and adiabatic gas cooler si zi-
i s to enefufreectcioséd design of the refrigerat.
equi pment, badsathcafngt He resqui pment and t he ¢
savings that are achieved with | arger heat

T Supercritical optimized head pressure cont
setpoint to be reset Iin response to ambien

f Subtcir¢al ambient temperature reset control
pressure contr psly sstternast edguyr ionfg GQubcr i ti cal C
existing code | anguage.

f Mini mum saturated condensi A temperature s
T Heat recoventycfadr CtOr anscr i

This mandatory code change would i mpact refri
stores that i2zbteamdcrotusal COefrigeration syst
be applicable to refrigerated war eOhOoOu ssegsu atrhea t
feet and refrigerated spaces with a sum total
served by the same refrigeration system, and
or more condlihe omrealn geg evaaul d al s oi laiptpiteps t o he
refrigerated asmpytctets aneevdRednriitgenriad.ed spaces (

f

P
C
|

warehouses) that are | ess than 3,000 square
Appliance Effici enciyn Reeogoulleartsi oonrs ffroee zwearlsk cont
Appliance Efficiency Regulations (California
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e code change is applicable to new construc
r newly installed refrigeration systems.

ere are no updates toatsha Eampl ocdndedi sofprwadp

ceptance testing procedures wil/ be propose
asur e.

IMasure History

anscriptefcail g&€mOati on systems are different f

at the wOoO®@kiengcddds di t(s critical point after
the refrigeration cycle (outlet of compres
mperatures (aboWF.agpmiexi makelown7Bs supercr
sul ts i n na odveecrraelalsesystem efficiency wheneve
ring | ower ambi enzi sc dorediotwi drhee whean i €@ | poin
mpression stage, the system is said to be o
milarlyigerathen sgb&t ems.

cause of the uniqweychamacderi ssIgi capefr cCOt I
cause these system types are relatively new
guirements for these systems Zhd,vePasrot f@ar be
wever, the market ssyrse efmsr htasameemi tiincaleaG
rt to innovations in technology and contr ol
ui rements that may | imit futurermefnrgi ger an
ent i alAv( GVER)h Wi0t2ID ) mor e systems being insta
ng of gas coolers (heat rejection) and he

[
Il mpraeyst € performanteoherreswlithnegal hast a
i
i

O - 0O n

q
t
z

ngs. I n addition, these code change propo
ness owners interested in the technology
emi ssi ons.

—

pical trsbaontssrmr idysctad mMEPsrldebbbww. i The system
i sts of t wiob osousctteironangdr chuipgsh st age. The con
ter suction group serve |l ow temperature (
tigpeh st age suction group. The compressors i
e medium temperature (MT) | oads, as well as
ction group and the intermediate pressure Vv
om itghe el sure gas i n the gas cooler (GC) whe
percritical mode. The discharge pressure 1is
combination with the gas cooler fans. When
al operates as a condenser, anal ogous to oth
s or |iquid from the gas cooler/condenser e
ssel [/ flash tank. The gas from the flash t

=)
n n <

i
a
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compresesbed & MT compressors in the figure b
flash tank i s supplied to medium temperature

The evaporated gas in the evaporators i s comp
compressors.

Gas Cooler

MT
Compressors

J a

MT

Evaporators

LT
Evapaorators LT

Compressors

Fgurle Transcnrbboostakr COefrigeration system di at

Commercial and industrial refrigeration syste
the efficiehcansetrihec@0O systems wildgy be a ke
usage of newly install ed r=®afsrirgeefrratgieornansty.st em
As £t anscritical systems increased in popular
(U.,S.multiple technologies have been developec
efifemcy during supercritical operating hours
operating hours. These technologies consist o
configuration, and expanders. While these tec
CAE proposal, due to | ow mar ket adoption and

are not recommended to be a mandatory code r e

2. 1S8mmary of Proposed Changes to Code Doc

The sections below summar i zeAmhmpwewn dihee ss,t askCGMTr d
Reference Manuals, and compliance documents w
change. SetofSddtiisomeport for detdeéellkdnguagese
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2131 Summary of Changes to the Standards

This proposal would modiTfiy |teh al§ o pplaeown rbhbe b e wt
See Set.tdfon hi 9rrempopxedbdbde | anguage.

SECTI ON iiMath.d&at ory Requirements for Covered Pr

Section 1ZBe6pajpose of the change to this su
transcrirteifoalgeC@ti on systems ardee veexleompetd fr om
condenser sizing, specific efficiency, and co
CQsystems were developed as a part of the pro

Nevibecti1d0O. 6i(Gaa)s5 Cool BErang onmri ASiycsd le 30
Refri gédMaatedouses

120. 60d@hBApuUurpose of dmhmeci fayddfidn omhaeh tol i mat ¢
cool ed gasshealololbee sprohi bitemdakd@hdlbears necessar
requirements of this section.

120. B(d@h® purposetiodndammmt@iddat e a design reql
atcrool ed gas ctomars ErQirtreifer@ger at.i dmisy dtsemeces
to make clear the requirements of this sectio

120. €1d8he purpose oftda hdssmmuwmniidatoen a sdesi gn r ¢
adi abgadas ccoolers in rrewftrgesati bncalsCOBmMs. Th
make clear the requirements of this section.

120. ©(adne purpose oftdadmmumnraiddate oam desifgopmr r eq!
fan comtrnoelws t r anrsefrriitgeradt iCOn systems. This i
clear the requirements of this section.

120. &(d@h® purpose ofta hdsmmuidedadtoenodlser pr es st
consmre®dqui rvelmeemtt he cystatm ng bel owThihe icsitica
necessary to make clear the requirements of t

120. &(ahB purpose of this atHdgas omodlsert op rceosrsmn
controls rweheewmi rtehmemstystem i s operating above t
necessary to make clear the requirements of t

120. 6&id8h® purpose of this addont oml i Sett oicmimm
requirememitnifmumtdadendensisreg pthempemat oumwes gas cC:
desi §hes i s necessary to make clear the requi

120. &(d@hPur poseexdtepitsiigmcr ease the mini mum cor
temperragquuier ement for suction grlhampssudtaitomwi | |
pressur e asnedt pcoainnntost operate at the required mi
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temper at ur(ee.sget ppoairnatl l)el TRiosnpre®ssecasssary to
requirements of this section.

120. Hidn® purposedioifs pime slfeanltl e THhO S6Fs necesse
to make clear the requirements of this sectio

Tabl20Fi6The purpose ofl itshti st htea(bglaes diesnfefeoedi ency
requir éweerorosel ed andunaidinsa®2ad)i Tchi cessamg t o make
clear the requirements of this section.

Section 1LIiZO.mp(reae)s&or s

120. A(d@heé purfpotshee so addi tion is to describe th
condensing setpoi nac ormgpqg weisrseomesnt Tfthars G& necess
t hreequirements of this section.

120. 6@0(aheéBpurpose of this addition is to dist
saturated condensi ng s ectopnopirnets sroerqgsuCv@eernseunst noofn
compresilfhhaorss.i s necessaryetffoi makmentseaf thes se

Nevwectl1dd. 6i(Thr)anscr idGacsalCo@d ers in Commerci al
Refrigeration

120b)BA hr ougthbh) G nd Thad0OHBThe purpose and necess
each ofadtdhegdgens for comaveteghcei eslantrepegerael gn
thos&efcdon on 120f®@ftarefabgee ated warehouses.

New Secti oBiAXMpregddhgor Systems

Section 120he (ppyr3@Bose of the change to this st
l iquid subcooling regqué®esneaams, das nloitqaipp | yu b
not a proposed measure for this CASE Report.

Section 12Dhe (pyr3gCose of the change to this s
requirement that compressors must be able to
saturated condensing temperature setpoint. Th
proposed changes outlined in 120.6(b)2.

Sectid®. 6i(Re)for i gerati on Heat Recovery

Section ARDhe& (puyrbpios ec lodtnog ds ppesci fy an exemptio
recovery for stores below a dasi gmathagteali sheat
necesBacygheat recovery was foundst boesobebewco:
threshol d

2132 Summary of Changes to tilceesReference Append

The proposed code change would add a new acce
head pressure control I n t LeanNMamnrges if e n ttihal NA
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Reference Appendix is still wunder devel opment
optiemii head pressure control (wi thoutsanodul at i
mar kiepd | anguage I s nFoitnCapEBEVvRedpdrin this

2133 Summary of Changes to the Nonresidential A
The proposed code change woul dMMamatalmodi fy the

2134 Summary of Changes to the Nonresidenti al (
The proposed code change would modify the fol
Compliance Manual

T Chapter 10 of the Nonresi ddertwi SlecComml| ioanc
Transcric¢ompall i £Oc e

See Set.tdfonr his report for the detailed propos
Compliance Manual s.

2135 Summary of Changes to Compliance Document s
The proposed code change would modify the com
Examples of the revisedddoouB&atisoare presen

T NRCPR&ETAdd new tables to allow for people
pressure control, etc.

2. 1Rdgul atory Context

2141 Exi sting Requihreemantid oirmi a Energy Code

The existing code | anguage esphbiems!| yrexmempbts
condenser requirements outlined in Section 12
gas cooler sizing, gas cooloelr, eafnfd cmiennicnyuum hea
condensing pressure. Gas coolers are current|
contr ol and operate their fans in unison per

2142 Rel ationship to Requirements in O her Part
Code

There are no relevant requirements in other p
2143 Rel ationship to Local, St at e, or Feder al L
There are no relevant | ocal, state, or federa

2144 Rel ationship to Industry Standards

Rel evant i ndusctlrudmer acdar &oci ety of Heating,
Conditioni nt é&Emya-r8ce el x5y Standard for Refriger
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Designation and Safety CA8BRAPab8S8heon of Refr
Il nternationladnt dmmras ittt el @elfof Ammoni €@QRefriger e
Handbook.

2. 1Cdmpliance and Enforcement

When devel oping this proposal, the Statewide
streamline the compliance and enforcement pro
mar ket actersnwhbved in the process could be
section describes how to comply with the prop
compliance ver iApipceantdimmskpmtiox esew t he proposed

i mpact various mar ket actors.
The activities that need to occur during each

1T Design Pkassegn engineers, contractors, and
devel op refrigeration system design | oads &
configuration and pieces of equipment to s
volved should be aware of the proposed c
eir gas coddleart freer ewlttiiomat eander st and how
ntroll ed, and determine if there are oth
mit their supercritical modeadpabatiaocn o
ndensers, par aglalsele jcddatporrggs)seeen s wi l |l nee
ecify tperragtuede tderhf erence between the g
mperature and design ambient temperature
eir equi pmenand cwieldlusl kletdwshoe ngeaesd ctoool er spe
ficitehmec yr aatti ng condi tions in the proposed

O +* T n o —6 —~+ —
-~ > ® T O 7T O T S

rmit Appl i claywpiomalPlhya,sea contractor will
gineering plan drawings on the ownerds b
stem design and equipment. The drawings
independent engineeringas$ismfandcaner astedr .
bids for the project. This set of plan dra
how the selected gas coolzesrysaredn awanpdlile st rw
Title 24, Part 6. I f the sel dctéed 2dui Pmaen
the authority having jurisdiction should p
this before providing any building permits

=
® T
= ()

(7))
<

onstructi €onPhasénrs install the refriger
he approved plawedsiawhnhgsromithe owner an.
urisdiction. The installed equi pment shou
peciTfhiiesd.i s dodwhmentnesd aby i nhbeconstaktltati ol
ertiwhecraet et hey are certidpyenigfitenchtorn hteh e qu
ompliance documentation is installed.
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T I'nspecti oAf Pdmaseonstru

responsibility to have
by the authority havicn
examination of the ref
described in the plan

Acceptance testingbygho
opermdali orequirements s
contr ol

de
at

re
ev

ocess
es r el
ument
ovi de
l e 24,

The compliance pr
exists for measur
Revi smpgl cance doc
contractors to pr
complies with Tit
anal ogoushe condenser si
NRC®PRE&E form for current
Addi ti onal acceptance tes
requi rmesdurteo ceompl i ance, a
refrigeration that may I

control strategies for he
proprietary and a uni
di fferences in strategy.

test the specific sequenc
ensure proper control Th
ambient conditions wo d

z

u

2. Mar ket Anal ysi s

2. 2Mdr ket Structur e

The Statewide CASE Te
current technology av
considered how the pr
indi vidual mar ket actor s.
complying with the propos
applicability were identi
utility program staff, En
addition to conducting pe
current mar ket structure

meetings that the Statewi

am p
ail a
opos

2022 Title

Part

f orm

ction, the owner or
the building and it
g ojnumpihadiec tsihoml dThing
rigeration system to
drawings matches wha
misd ab é itcognvpeloaettfeyca ct or
uch as head pressure

scribed above is ver
ed to refrigerated w
guirements are antic
idence on their desi
6. These complia
ing and efficiency d
commercial and refric
ting related to head
|l t hough there are sti
mit the viability of
ad pressur e ccaonltyr o
test would need to
One possible solutio
e of opectadane®mst @r ov
e primary requiremen
be common to all seq

erformesl @af madd&mrtti fayi
bility, current prod
ed standard may i mpa

Il nfoematbl onowasofat
ed measur e. Esti mat e
fied through researc
ergy Commiessonl st af
rsonalized outreach,
and potential market
de CASE Team©bGu.eld on
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The mar ket stcxre¢trugerfaor o80systems is | ike th
other refrigeration systems and consist of th
equi pment manufacturers (OEMs), rack manufact
repsentatives, design engineers, installation
components required to ebfuiilgde raattiroann sscyrsitteinc,als u
compressors, gas coolers, vessels, and valves
OEMs. s@h®EMs are well established and provide
multiple types of refrigeration systems and a
equi pment. These major components are sold to
speci fy, anodnpcloentset rruecftricger ati on rack systems
parall el rack refrigeration systems. There ar
manufacturersU|] doat €aniandat hédat suppl yu.sS st ems
Some rack manufeapcrteusreenrtse darbey di stri butors or s
|l ocated locally in California who connect <cus
suppliers and sell tHhue eoquiceme Mte satgna emarn ek r
design/ build cospeactfgr$ hmayaaksequi pment req
| oad of a new construction facility and suppl
manufacturers in order to get pricing. Once e
contractors will tyamidc alnlsyt agdr dhtes e,q uri g@amreinlt, a
construction project on behalf of the buildin
The numbetranhs€Oitical sybt8msliomnwstcalmpead eidntto
tot al number of installed refri guedrya tpiuobnl issyhsetde
2017, 290 transcritical syW.t®oOnsah2a0BdWeear | ns
an increasingtmamser i 6fi c@0 systems are being
regul at or y Omrae 20uBréecsause equi pment is supplied
companies that have decades of experience in
maj or mar ket barriesgsiemshe supply of CO

2. 2T&€chni cal Feasibility, Mar ket Avail abil
I n order to understand the technical and mark
code | anguage, as well fasugeenanpuadersceantion
system designers, a questionnaire was develop

that posed basic questions on desi2prysdrmrdnscont
The key takeaways fremltbeedubetownnaire ar

T There are two main strategies for head press
operation, one where gas cooler fans run at
where gas cooler fans modul ate theier astpeered t
bet ween the gas cooler outlet temperature an
T Gas cool er si zi ng tparpgpatoiaccens tveamrpye rfartoum e2 bet wi
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cooler outlet temperaturetand ambient temper

Though currently exxsmpttecdes aal moiszi ma¢g | dCY bul
wet bulb following head pressure control whe
existing Title 24, Part 6 code for other sys

Al most 2aysdt &€®s are being installed in compl:.
utziilnng gas cooler fan variable speed control
There are few installations that wutilize par
There are few installations that wutilize gas
Adi abatic condensers areostmewkRratcuprewnd! e mtst

ased on this feedback, the proposed code | an
xpected to have any mar ket barriers as there
ool ers of wvarious sizeg.asOmreotleahrsiizaln gb arerais

onsensus on how to define gas cooler size. M
emperature, where the size is based on a cer
mbi ent air and the gas cool enuestpetesseaemper a
emindependent variable during transcritical s
erformance, the rating to establish gas cool

Fang .19T%%) St atewi de CABEeméeadm proposing that
e defined at 1400 psig for air cooled gas co
ool Emmr oposactded temperaftoredebvoerdmt hong speci f
re @80y bulb tempereaetawriemngamdasl@G®& mperature. Th

elected in part due to the availability of d
erformawae awdialfwbl eambi entaboveddtyi cdoud b
emperiarnt udrey mode aap erpasttsii acno calser s are nor mal |l y
recooling pads at these conditions. The rate
onsi stency between air cooledndntiadsabatic
he proposed code |l anguage for the transcritd.i
o have any market barriers as al most all ma n
he use of controls that wutilize someetrype of
ne technical barrier to code i mplementation
ressure control in the code | anguage. System
wn proprietary software to control the fans
pressur e. Specifying the exact relationship t
pressure may be dependent on multiple variabl
including the operating saturated suction tem
tehnol ogy type, and current | oad. 't may be p
appliance standards may specify a performance
cooler/ condensers. However, now, it is suffic
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umnson and that the controls manaffachetrweeimafa

energy and compressor energy in developing a
responsive to environmental and system condit
currentlnyg pcroadposianguage that would encompass
algorithms while mandating that pressure var.
order to maximize system efficiency. There ar
associated withulwetf oblullobwionrg dhreyadb pr essure con
mode operation as this is in |line with curren

There are no mar ket barriers associated with
are multiple manufacturer ssiszwemppl yliercch ngrcad u dtay
including adiabatic condensers in the propose
as discussed more generally for air cooled ga

There exist both market and technwcah baltyien
maj or manufacturer providing the technology a
CASE Team is currently proposing that gas ej e
code | anguage but may be i mportant for future

I n genesytlseMmTOneed special skillset as they ofy
(approximately 1,100 psi and above), compared
Thus, the number of xsogrsttreac texrpe rwietnlcet hes @Q p e
l i mi ted. The unadreirosutsa nedgiunigpnoennt and their cont
the market is still developing. The proposed
under standi ng 4dhees ibgans ealnidn ee fGO ci enegyy s tseomd hteo b
mar ket adoption iseexpkhetphompasddeSd®@aoul d gi v
persistent savings as |l ong as the controls we

2. 2M&8r ket | mpacts and Economic Assessments

22311 mpact on Buil ders

Buil ders of residential and commercial struct
measures proposed by the Statewide CASEsTwamh
the nor mal practicesdplusthéebdei bubunéssiey poaa
building codes. When necessary, buil ders enga
in order to remain compliant with changes to
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Californiads construction industry is ndesmpri s

and 86OmPlOoOysdabléln 2018t al payroll was $80

17,000 establishments and 344,000 empeéoyees f

remainder of establishments and empl oyees wor

and other heavy construction (industrial sect

Tabt7:e California Construction Industry, Establ

Payrol |

ConstoocBectors Establi s/ EmploymAnnual P
bill$X

Residenti al 59, ¢ 420, $23

Residential Builc 22, ¢ 115, $7.

Contractors

Foundation, Struc 6, 6 75, 2 $3.

Exterior

Building Equi pmer 14, ¢ 105, $6.

Building Finishir 15, ¢ 123, $6.

Commerci al 17, 2 343, $27

Commercial Buil di 4,5 75, ¢F $6

Foundation, Struc 2,1 53, ¢ $3

Exterior

Buil ding Equi pmert 6, 0 128, $10

Building Finishir 4,5 85, ¢ $6.

l ndustrial, Util:@ 4,1 96, ¢ $9.

& Ot her

|l ndustrial Buil di 29 5, 8 $0.

Utility System Cg¢ 1, 6 47, € $4.

Land Subdivision 95 7,5 $0.

Hi ghway, Street, 77 25, ¢ $2.

Construction

Ot her Heavy Const 43 10, ( $1.

Sour(c®tate of California, Employment Devel opment Depart

The proposed change related to Submeasure A w

industrial buil ders but would not i mpact firm
utility systems, public infrastructure, or ot
commer ci al building and industri al buil ding i
l1Average tot al mont hly employment in California in 2018

represented 4.5 percent of 2018 empl oyment.
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wor ker s, but rather would be concBab®&reated in

shows the commerci al buil ding subsectors the
i mpacted by the changes proposed in this repo
estimates of the magnitude of 2t.hR2esde i mpacts a
Tab8e Specific Subsectors of the California Co
| mpacted by Proposed Change to Code/ Standard
Construction SubsEstablis|lEmpl oymAnnual P

(bi I i
Nonresidenti al p I 2,3 52, ¢ $ 47
contractors

Sour(c®tate of California, Employment Devel opment Depart

22321 mpact on Building D€singuomnétsanasd Energy

Adjusting design practices to comply with cha
the normal practices of buil dinlg tdes i2®dnarPsa.r tB
typically updyaetaerd roenviasitohmr eccygherandnbduehdrigy

consultants engage in continuing education an
with changes to design practices and building
Businesses that focus on residential, commerc
desi gnonatraei nced within the Architectural Servic
ClassificationT8phpSseheawss 4t1li8el Onumber of establ i s
empl oymentl, ammudlotpayroll for Building Archit
code chwonugleds potentially i1 mpact all firms with

The Statewide CASE Team anticipates the i mpac
that focusmaokesupead refricogasatredtwamehouse

There is not a North American | fhodaudse rsyp eCd iafsisd

energy consultants. |l nstead, businesses that
energy efficienoytheeBoaohdaingednspecti on Serv
541350), which is comprised of firms primari/

°NAI' CS is the standard used by Federal statistical agen

the owua pof collecting, analyzing, and publishing statis
NAI CS was development jointly by the U.S. Economic CI a:
Canada, and Mexico's |1 nsty t@daamgrNafcii@,n atlo del |IEsw afddrs td chai
comparability in business statistics among the North A

I ndustrial Classification (SIC) system in 1997.
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residential and nohtesisdemti @loslsuibll ¢di ng@gs deter
establishment gdiwigthinsptelcéi Bmi IServices sector
efficiency consul tingTab%per awifdoersmaan ounp psenro wono L
i ndication of trhei rsiQel ioffortrhiiss. secto

Tab®9%e California Building Designer and Energy

Sector Establis Employrn Annual F

(i I'1'i ¢
Architectutal ! 3,7 29, 6 $ 2
Building I nspfc« 8 2 3,1 $0 2
Sour(c®etate of California, Employment Devel opment Depart

a.Architectural Services (NAIESt 64 184dt0gbliciosnpme stes pri m
in plannisngnamdg desi dential, institutional, | eisure,
structures;

b.Building Inspection Services -geNAtl CrS e&sAtla3bl0i)s hcroanptrs spe
engaged in providing buildi sgectéesndertivakte& rOcO®MPi
aspects of the building structure and component syst
services.

The proposed code | anguage would provide new

energy consultagtangdghenogesiggrefangerationl

systems. These professionals should fully und

recommendations for selected equipment and co
expected to be beyond typicad bynbunudusgl éas
energy consultant professional s.

22331 mpact on Occupational Safety and Heal th

The proposed code | anguage is not expected to
occupational safety and healt h.

22341 mpact on Buil diOcg u@wmdrss and

The commerci al building sector includes a wid
restaurants and | odwsd exge s traellaiid h meamtds mi akredd war
(i ncluding (rKefnmiege 2BDmeddey yoyu occupants of comme

SEstablishments in this sect oargeidn cilnu deev abl uusaitni ensgs eas bpuriil nda
and component systems and includes energy efficiency i
services. This sector does not include establishments |
pests, haztaegd oaurs omalser environmental contaminates, nor
government entities that focus on building or energy c¢

regul ations.
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buil dings also varies considerably with elect

cooling and conditioning, and refrigeration.

water and for space headan npgub lAicschoerdd iinng tthoe i2n0f1
Energy Efficiency Action Plan, there is more

floor space in California and consumes 19 per
useKenney. 2M0hle9 )di ver sity of building and busin
creates a challenge for disseminating infor ma
solutions, as does the variability in sophi st
relationshipsgbevweres &mndl|l dcaupants.

Building owner ssoabdnetcupédnom | ower energy bi
Sect2a.on, 4when buil ding occulplamn,t st lfeayw et emd ethe r g
el sewhere in the economy thereby creating job
economy. The Statewide CASE Team does not exp
the 2022 code cycle to impact eéluy.l ding owners
22351 mpact on Building Component Retailers (I
Di stributors)

The proposed code | anguage would require buil

the equipment they are specifyiogmphidapt owi dh
proposed mandatory measur es.

2236 1 mpact on Building Inspectors

Tabl@®@hows employment and payroll i nformati on
agendinesvhi ch many inspectors of residential a
employed. Building inspectors participate 1in
aspects of building regulations, including en
t her eafnotriec,i pates the proposed change would hav
building inspectors or the scope of their rol
ot her than | earning how to plan check this ne
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Tabl@ Empl oyment in California State and Gove
|l nspectors

Sector Govt Establis Empl oyn Annu
Payr
(mi |1
Admini stratioStat
Progriams 17 28 $29
Admini stratiolLocesea
Progrtams 36 2,8 $205
Urban and Rur|Stat
Devel opmeht A 35 55 $48
Urban and Rur|Loce
Devel opmeht A 52 2, 4 $18¢€
Sour(c®state of California, Empl oyment Devel opment Depart

a. Administration of Housing Programs (NAICS 925110) <co
primarily engaged in the administration and planning
and standards, housing authoritiedevalnadprmemntsi ng prog

b.Ur ban and Rural Development Administration (NAICS 92
establishments primarily engaged in the administrat:i
and rural areas. I ncluded in téridcgs iandd sdadommiagei @royv.er

22371 mpact on Statewide Empl oyment

As descri be@. i2nthSrdodt.gdqg Be Be St at ewide CASE Tea
anticipate significant employment or financia

California economy. This is not to say that t
i mpacts on emplidpyment 2i.iQ2nCG&heec tStoant ewi de CASE T
estimated the proposed change in Submeasure A
and economic outgiunedtIryectthryowgh iitns I mpact or
and energy consultants, and building inspecto
2. 2Eddlonomi c | mpact s

For the 2022 code cycle, the Statewide CASE T
along with economic i nfor mad iporno ffersosm opnuabll ijsuhdeg
devel op estimates of the economic i mpacts ass
changwmi.l e this is the first code cycle in whi
estimates of economic 1| mpaacntts tuos innogt el MPhLaAN ,t hie

4l MPLAN (I mpact Analysis forouPlpannimogel|lsoackewarte iestamait
effects of proposed policies and projects. | MPLAN i s t|
due to its ease of use and extensive detailed informat|
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i mpacts de
some exten
relatively
CASE Team
economic i
is a simpl
businesses
codes. I n
assumption
change. By
i mpacts pr
associated

Adopt itdn so
i mpacts th
buil ding i
CASE Team
ot her orga
in additio

Table®
on t he

Esti
Cal

vel oped for th
t specul ative
simple repres
is confident t
mpacts are rea
i fication of e
, and other or
all aspect of
s regarding th

S report are only es
nf ormati on. I n addit
ntathongbfthaéaeSCatl e W
at direction and app
onable, it is import
t r emeilnyd icvoindpulael X, act i
anizations as they r
his economic analysi
| i kel y oepcoosneodni cco dbee n
foll owing thi approach, the State
esented below represent | ower bound
with this proposed code change.

[

i

e
h
S
X
g9
t

e
S

fcodprepaslt wesult in
rough the additional direct spendin
ndustry, architects, energy consul't
does not asdaved playt ecdrhradr enioaleybui | di
nizations affected by the proposed
nal spending by those businesses.

relatively mo

mat ed
i forni

|l mpact that
a Commerci al

Adoptwioaun dothatvlee P
Construction Sec

of Ec

Type

Lab
|l nco

(mi |l |
$

onomic Empl oy

(o

Tot Out p
Val ( mi ||
Add e $
(mi ||

Direct Ef f

Commerci al

ect s 3 $0 19 $02 5

( $04 1
B u

rect
firms
l der s)

Ef fect
support

/

i

( 1 $0. 0 $0 .70 $0 14
i

| oyees

i
duced Ef
p

i recto

or 0

fect \ 1 $0 .70 $0 13 $02 0
of f
i

Economic

(¢
ror
di
I 1 5

$03 0 $0 45 $0 76

2241 Creat i

Anal ysi s

on or

Evergreen Economics of data from t|

by

El i mination of Jobs

The Statewide CASE Team dmeasuwmmoés amitogo pad ef @

2022 <codeegcuylcalter on woul d | e atdy pjeeds tj lod sc roe a tt ihen

el i mi naxi sttty mdgs of | obs. I n other words, the .
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proposed change would not resulotr iof d&cdaendCnaild f

economy. Rather, the estimates of economic i m
|l ead to modest changes in employment of exi st
2242 Creation or Elimination of Businesses in (
As stated2i2,8¢dbtei &n at ewi de CASE Teamds propo
result in economic disruption to any sector o
change represents a moddtCcCEhaggeatoohragstem
contr ol which would not excessively burden or
busindese®eswould it necessarily |l ead to a comp
businesses. Therefore, ddes Siatt efwa rdees eCeA SaEn yT emae
businesses being created, nor does the Statew
businesses would be eliminated due to the pro

2243 Competitive Advantages or Disadvantages foc

The pr ocpoodscednwes | d apply to all busi nesses in
regardless of wheithmeor pihmsibde i nre ssutissi de of tt
Therefore, the Statewide CASE Team does not a
proposed2022 ctohdeee gcuylcat i on woul d have an adver
competitiveness of California businesses. Lik
not anticipate businesses | ocated outside of

di sadvantaged.

22441 ncrease or Decremnmasse ianf tlhrev e&Ssstamthe of Cal i f

The Statewide CASE Team analyzed national dat
invest ment by businesses that expand a firmoés
domestic investAstabl sbowNPDbkt ween 2015 and 2
a percentage of corporate profits ranged from

percent. While only an appbruosxiinmastsi am coofmet hues epd
capital i nvest ment, the Statewide CASE Team b
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

5Gov. @Gode,346.3(c)(1)(C), 11346.3(a)(2); 1 CCR A 2003(:
di sadvantages for California businesses currently doi n;
5Net private domestic invesvmshimeicd ptihealt dtya itohee mibhuastti nef:
is used to expand the capital stock, rather thams maint

t he moneefyt dierf@ o rpatyisonts expenses.
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Tabl?2 Net Domestic Private I nvest ment and Cor

Yeatl Net Domesti Corporate Ratio of N
l nvest ment by After ] l nvestm
Billions Billions Corporate
201°¢ $6 09 1, 74 359
20 1¢ $4 5 . 1,73 2679
2017 $5 09 1, 84 28¢9¢
201¢ $6 18 1, 84 3409
201¢ $5 89 1, 82 3209
5-Year Av 31¢9

Sour(ckkederal Reserve Economic Data n.d.)

The Statewide CASE Team does not anticipate t
withprntdposed measur e wo uclhda nlgeea d( itnoc rsei agsnei foirc adnet

investment in any directly or indirectly affe
Neveerltehss, the Statewide CASE Team can derive
change in investment by California businesses

| ncome esitlTiarha faebdo vien by 31 percent .

2245 Effects on the State Gener al Fund, St ate ¢
Government s

The proposed code | anguage is not expected to
genefrrand, state special funds, or | ocal goverr

2246 1 mpacts on Specific Persons

The proposed code | anguage is not expected to
persons.

2. Energy Savings

2. 3Kdy Assumptions for Energy Savings Anal

The energy and cost anal ysithse pnakkenD¥df aat 6 hs
Energy Commil ®aaiserd i whiueu@&a26y2®20 gl obal war ming
(GWP) values 4dyeare&WWPakadlo@s previobse -ZDV f ac
yar GWP val uegtshea nicD\W afseecTloe selsécghit¢iyty TDV f a
the 15 per ce.ntd hneattavirlala dgdaesr TDV factors includ
|l eakage on the building site.

The energy savings anal yirotwas pperaflorbma d du sig
prototype is the Large Refrigerated Warehouse
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previously devel oped and wutilized for refrige
2019 Title 24, Part 6 codepcdcytceedsto Thepmpeoe ot
refrigerated warehouses conStarnmiamrg st,o whd XIcSh Tin
envel ope and |l ighting. Refrigeration system e
were devel oped as part ofehtohled emma rokuettr eaancahl ytsoi sr
i ndustry common pr actriefer ifgoer d@triamms csryi sttiecnasd . CODe
operating schedul es wer e asstsaunndeadr dt op rraecptri ecsee natn
warehouse operation. This phetengpgywsasavusegs
proposed code | anguage related to Section 120
The assumpti oons amecrtihe c@0 system for the Lar
prototype afebldeRappenddiin H

Cooling loads in each refrigerated space were
prototypical refrigerated warehouses. Then re
compressors and condensers) was sized accordi
i ncl undveedl cepe transmi ssi on -zloonaad s ,aierx tienrfiiolrt raantdi
pal-llieftt traffic, employee traffic, evaporator
' ighting heat gain, andéddopwno duocatd .r eAs plp. rlaSw eseanf eat
used in the equipment selection precaessi | dblad
upon request

The second prototype used was the Large Super

prototype was previously devel oped tand nuttihlei z

2013
super

| oads.

and 2019 Title 24, Part 6 code cycles. T
mar ket buil ding and the assaoicnisat eadn dr eoftrhie
Refrigeration system equi pcenel apedcon

as part of the market analysis and stakehol de

pract
energ
Refr i

i ce forrnefamisgerdtiican LyYOst ems. Thi s prot c
y savings for the proposed ¢(bidyeCbmmguapa
gerati on.

The assumpti oons amecrtihé c@0 system for the Lar
are describdabieddepandi x nH

2. 3ERer gy Savings Methodol ogy

2321 Energy Savings Methodol ogy per Prototypice

The Energy Commi ssion directed the Statewide

i mpacts eusiifnigc sppr ot ot ypi cal buil ding model s th
geometries for different types of buildings.

The prototype models used in this analysis we
refrigerated warehouses Ram8tacranm iy, twhi2dH 9i A¢ |
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envel ope and lighting requirements. System ty
schedul es were assumedtbaodanedrpsanticedbtstryr
systems and typical warehouse opematyipen moldrel a
was developed confor mi ng§ atna a2 @E9 Tihtel @r24 otR®
summar i ekl & n

Tabl® Prototyge Bsetddfar Energy, Demand, Cost
| mpacts Anal ysis

Prototype Name Numb e FI oor
of St((square

Large Refrigera 1 92, (C

Large Super mar k 1 60, C

The building | ayout for both | arge warehouse
shown in the figures bel ow.
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el COOlEr e Freezer «= «=Dock

FigwreLarge refrigerated warehouse prototype | ayout
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- Meat Holding

L

Bakery

Bakery

Gl Bak Retarder
Warehouse rocery akery
Freezer | Freezer Wy
Meat . ’
Cooler Meat Prep Dairy Cooler
Pharmacy
-
Deli
Cooler
Produce Sales Wine
Cooler Cooler

o)

Deli / Deli
Freezer
Break

e i
Room /
Floral .
Cooler :
Office
—1 _
Offices Customer Service
- -
Fi gwBrelLarge supermar ket prototype | ayout
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The Statewide CASE Team esti mated energy and
proposed code change using DOE2. 2R energy sim
used (2.s2DRB)hiisd ia at ebd sceadmpeonreerngty si mul ati on pr ¢

accurately model the interaction between the
refrigeration =y XtRemse.r sitoem DQBE speci fically de
refrigeratiomsesystefmsi,geamant properties, mass

model s to accurately describe refrigeration s
ef fects.

Key updates to DOE2. 2R were made in order to
COsystems. Thates kieryclupdle the foll owing:

T Addition of a:ztshuegpremocphysiccadl CoOr operties | itk
the National Il nstitute of Standards and Te
T Ability for users to provide sperate compr

mass fl ow at wvarious suction and discharge
operation

T Ability for users to provide separate gas
rejection capacity at various approach tem
conditions)yitocasupeeration

T Addition of an expansion/flash tank model
vessel commonly usexsyfsdremsranscritical CcoO

Mo d e | Val i dati on

Model validation was performed to verify that
poweobnsumption of the various refrigeration c
manufacturer peTradbdrdanammgar elsttahe expected power
based onufhetmaar data to the simulated power

suction group at different subcritical and su
comparison is between the expected operation
operati ocnt ioofn agrsowuwp, which comprises multiple

of simulated power and mass fl ow may be highe

Tabl®ompares the expected power/ mass fl ow bas
the simulated power/mass flow for the booster
supercritical operating conditions.
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Tabl4CQModel Val-Hdgh i 8thage Suction Group

Mo d e Day |Clim SST Disch¢ Simulz¢Simulé¢Simul¢Expec Expec Expec
and Zone AR Press/ Power Mass F kW/ |l ItPower Ma s k W/ | L
Hour psi | b. FI ow

Supercr 7/1 12 22 1,5 266 25,1 0.01 50. 4,7 0.01
15:C

Subcrit 7/1 12 22 949 ( 33. 5, 6 0.00 33. 5, 4 0.00
17:C

Supercr 8/ 1 2 22 1,2 259 30,5 0.00 4 3. 5,1 0.00
16:C

Subcrit 11/ 1 2 22 846 ( 7 4. 14, 3 0.00 29. 5, 6 0.00
11:C

Tabl®CQModel Val-Badast em Suction Group

Mo d e Day &Clim SSTDisché¢ Simul¢ Simul¢ Simulé¢ Expec) Expec| Expec
Hour Zone AF Press Power Mass F KW/ Ikt Power Ma s k W/ Ik

psi | b. FI ow

Subecri 2/ 1C 5 23 435 ( 20. 3,3 0.00 9.1 1, 4 0.00
2:0C

Subcri 10/ €6 14 23 435 ( 34. 5, 6 0.00 9.1 1, 4 0.00
24:0
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Tablé@ CASE Reporstudy ORGRLCompari son

Cit inCOP Climate Booster Booste High St High StCOP %Di ffer
Stuﬁ ORNL i n CAS in CASMBtu Lo kWh 1in MBH Loa CASE % n CO
y Stud Report Repor{CASE Re Report CASE Re|RepoO
Sakranc 3. 2] CcCzZ3 78,1 1, 3 537, 5, 7 3. ¢ 4 %
Los Ang 2. 9( Cz9 79,1 1, 3 621, 5, 8 3. ( 4 %
a. The COP for Climate Zone 4 is 3.25, which is 1 percent | ovwerrd,t twdrmp ctelrsee nORN I
Climate Zone 4 and 3, respectively.
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An additional l evel of modeling validation wa
Standar dt Daerss g@gmistyisctaelm GO t h anot her energy stu
super mar ket tasayrmsdermst.i cTehle @@ me of the study i
of Vari2@Gasf CQur ations in Supermar ket Refriger
carried out byi Oakl RLdbper Bt ory (ORNL) and pub
Journal of Refrigeration in 2014. The study i
configuratbeaoansr ewirnihge€rGant, including the trans:t

The st uiddyed rtolve yearly average system coeffici
sixteen citUeS iancclousdsi tgheLos Angel es and San F
defined as the ratio of the booster and high
compressor power

The system configurati onsFifnoarl Refed EQR NaLr es tauldnyo s
identical barring the following exceptions:

1. The ORNL stwudy included the suction |ine h

coming out of the gas caolger gasing the boo

2. The optimum di scharge pressure formula in
thanFithal REABSETL .

3.The ambient following TD for the subcritic
study. The same TH) nwals Rafsseidt i enn mthéeat t he
comparison bel ow.

4. The minimum condensing temperat urrienaslet poi n
CASReport uses a minimum condensing temper:
regardless of <climate zone.

Tabl@&gives a comparison of t he CO®PP oiffni tnftdde ORNL
CASReport Standard Case.

The difference betwé&enat REAGENL COPd viahaes i s
reasonabl e as the ORNL study usedFishalghCASEdI
Report, as described above.

Propo¥edsSutsandearsd gh

The Proposed Design was identical to the Stan
revisions that represent t hlea bd forpeosseendt sc hparnegceiss
which parameters were modified and what value

and Proposed Design. Because the number super
dependenhi emt atme mper at ur es, Submeasure A was
zones in California. Comparing the energy i mp
Proposed Design reveals the iIimpacts of the pr

that 1 s minmnmawiltyhcioompl2@19 Title 24, Part 6 |
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building envelope, |l ighting, and follows indu
transcridteisciagn GOhd operati on.

Tabl® Modifications DMadeghoi Bt Badhr Brototype
Proposed Code Change

Prot oiCli mSubmeasPar ametSt andar dProposed
| D Zone Name Name Design Design
Paramet eparameter
Val ue
LRWH | Al I Air Co Gas Co AiGool ed| Adi abat:i
and L Gas Co Type
Restri
LRWH | Al I Mi ni mu/Gas Co 8F Mul tiple
and L Ai-Gool € Si ze ( parametr
Gas Co|lapproa anal ysi s
Sizing|temper 6F and 7
Speci f}|)
Effici
LRWH | Al I Superc/ Superc|OptimizeOptimize
and L Opti mi| Head pressurepressur e
Head Pressu control ,|fans mod
Pressu Contro/loperate | maintain
Contro 100% spe

DOE2 .c2aR cul at-lewi Iwhionge ener gy consumgteiaon afnar e
sums the values -houpsopedey&atlt owawWh/ yr) and t |

(therms/yr). 1t then applies the 2022 time de
annuall energy use in kilo Britishnmhuead mapgleakni
electricity demand reductions measured in kil
The energy impacts of the proposed code chang
zone. The Statewide CASE Team simulated the e
and appliedzonlee spleicméai e TDV factors when calc
cost i mpacts.

Pewmnit energy i mpacts for nonresidenti al bui I
foot. Annual energy and peak demand i mpacts f
transl aitnepdacitnst oper square foot by dividing by
building. This step allows for an easier comp
types and enables a calculation of statewi de
that liisshpeudb i n terms of floor area by buil dinc
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Heat Recovery

The energy savings associated wic¢hwshem$ wasov
calcul ated outside of the DOE2.2R simulation

analysis, utiliziog kkeg pméoomape omodel as r e
bal ance point temperature was determined for

temperature for a building is the outdoor dry
the building arleo®dens]tn oti @gnetchhea nhi ecaatl heating 1is
example of the balance temperature assessment
where the plot shows the sales area heating r
prototype model vs. the ambi dmtr &r,y7 60u lhlo utresmpo

700,000

600,000

500,000

400,000

300,000

200,000

Sales Area Heating Requirement (Btuh)

100,000

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
DBT (°F)

Fi gureBal ance point temperature for Climate Z:

Thei xt eric eefate, point when the heating requireme
approxi mat dFy Hdevetver 85bppantsenitthye for heat r e

such small heating | oads, the balance point t
recovery would be wutilized was assumed to be
temperature when heating | oadsesspordad 280 0a 00

point tempe¥ admud ewand ff®und to be sTihrei Il orweirn nal
of the balance point decreases the assumed ho
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t herprboyvi ding a | ower and moreatansérgasi gsave:t
while retbgnpategti al I mpr acdp erad tisituncghsaltaosvs o C |
heating | oads

Ot her key assumptions for the heat recovery s

T Cost estimates for addedionadnegumndpmeat we.

system, with a 1HP glycol recirculation pu
CObrazed plate heat exchangers and out to
installed in the central air handling unit

1T Refrigerationtspwgtembtcsi obpeanhbhly, due to th
temperature being below the ambiemrt temper
system to operateXpupercritically (~75

T The average saturation condensing temperat
bet ween 6/0AMF .and

1T The heat recovery heat exchapegectemibasl shiezaetd
of rejection requirement per existing Titl
deter mi nexc atnhaatchG@ve this -bepéerheati mgathba
refrigerafieoylaplodback valve needed to artii/
condensing temperature of the refrigerant

The enthal py values to determine the amoun
superheating are submmaow.zed in the tabl e

Tabl@CQENt hal py ValsweerfheratbDe g

Satura Satur Satur Di sch Superh
Conden: Vap Ligq Temper Vap % THR -i
Tempere Enthi Ent hi P Enthiésuper h

(AF) (Btu/ (Btu/ (A (Btu/

70F 174. 111. 146 210. 37
65F 176. 107 136 2009 . 37
60F 178. 103. 126 207 . X

T The HVAC system is estimated to have 25,00
per ceenmttsi de air fl ow.

T The HYBRE€tem i s ass unbeads etdo dheanvaen dCQE ont r ol V €
system that reduces the outside air flow w
estimated outside air schedule is visualiz
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Outside Air Fraction

0.3
0.25
0.2
0.15
0.1

0.05

12345678 9101112131415161718192021222324
Hour

br ePercentaiaqutssihceedul e during typical day

A 0.5 inch WC fan penalty was applied to t
increase in pressure drop when a heat reco
14,000 kWh energy penalty.

Natural gas savihgs wasi cas$chéatedecovery
sizes based on different assumed design to
zones were found to be cost effective.

|l f the hourly dry bulb temperature was | es
and t hiengheraetqui rement was greater than 200,
was assumed to take pl ace.

The high stage suction group | oading facto
account for the aver age pperrdadfmtld elso @ai MHR() e
téh suction group, p©®meaamadd ntgo utsheed 1i0ON0 t he T
calcul ati snperhleatdeg ciefacTHR dssoci ated wi
superheaticwngpohpep W&Hs al so included in the

1. The prototype retail food store sales are
376, 000 Btuh for the first hour of Janwuar
greater than the threshbDlfdoroft R, DOWODr Bit s
which is | ower than the balance point ten
conditions are not met in an hour, the he
that hour).

2. The possible heat recovery was ycall ciun at ed
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Cli mate Zone 3 i s:

a.150MBH (Desi gmermd{esucx iS5 group | oading
SCT condi t-swmesr)h exa tdienpge rfcaecntto 83 0 ( 83 7 MB H..
The possible heat recovery was calcul at

b.The possibl e dleaul ateed viem ystcep 2a was C

heating requirement in step 1. The act
to be equal to the smaller of the two 1
heat recovery (30.5 MBH possible heat
recoyewas always | ess than the 200, 000
heat recovery was equal to the possi bl e

may not be the case when the heat reco\
done for other THR threshol ds.
3.The actualvehgaperebtour was added to deter
recovery potenti al i n ther ms.

2322 St atewide Energy Savings Met hodol ogy

The -preirt energy 1 mpacts were extrapolated to
St atewide Construction Forecasbsi(iCldt ftomei Bne
Energy Commi ssTlhe 2t0&2t0gwi de Construction For e

construction that will occur in 2023, the fir
requirements are i n tehfef escitz.e lotf alhseo teosttail maetxe ss
2023, which the Statewide CASE Team used to a
alterations. The construction forecast provid
existing building stcolcikma tbdyhzoudel ati emvgi de pCA R dT
utilized the RefringeGamecsWauehooseforecast f
to determine theAstatddwtdenampaetdsction is ap
Construction Forecastetdosgsarmafeothegei mpat i
Submeasure A. It is expected that only 30 per
of new refrigerated war ehoateedhnwillolgyutilize t
Appendirx sfkents additional information about th
used to calculate statewide energy i mpacts.

2323 Pe-Unit Energy | mpacts Results

Energy savings and peakndémane mpleadoeént edsi per
t hr ougghdh2 & or new constuuwmdtti em.er Glye smeri ngs f i gu
account for natwurally occurring market adopt.i
each submeasure is summarized bel ow:
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Ai-Cool ed Gas Cool er Restriction

Large Refrigerated Warehouse

Annual savings for theéeépfotetypgpeaal foefthgepat
are expected -1102 ,rGayet o rdob, 20t e WRyY¥H kWh/ ft
dependi ng uponDermammhtree zwmtei,ons are ef2pected t
and6kRW depending on climate zone.

Overall the adiabatic condenser / ga8s pceorocleenrt nteo
18 percent kWh savings compared dongtwthmpttiodml
when operati-ngolemthidearseai.r The reduced head pr

the adiabatic precooling of the ambient air r
houarmsd overall i mprovement in r erhoscty e matieon s\
zondhe increase in emeg gy, washdmat eoZl ower a
temperatures on average where the i mpact of a
running i rBedrayusmoded.i abati c gas coorfl edcdsolagdk si
gas coowlliemast,e zones with reduced number of pr e
energy penalty dcuoe It os utrhfedAatedidaduricegadal | vy, adi abat
due idawmr poawer penalty due to thehienprezosodim

padhese ener gy opdnwalitlpbenxedWwitlsdi abati ¢ gas cool
number of precool topsufaftiinige rmtoluy shiigh.no

A summary of the number of operating hours in
andiabdatic gas coolers for the refrigerated w
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Tabl@Supercritical

H¥er sAilgsiAa b atCioo,| eRWH)

Climate Air Cooled ( Adiabatic

1 13 4

2 77 96

3 18 3

4 94 16

5 28 18

6 7 4 23

7 38 61

8 1,5 26

9 1, 5 14

10 1, 8 30

11 1, 8 32

12 1, 3 20

13 2,1 4 8

14 2,0 16

15 4,1 9 4

16 45 0

Supercritical Operating Hours by Climate Zone
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°00 I- ] II [ | II I_ [ | = [ | | ] I = I I
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Fi gwreSupercritical
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(air cooled vs. adi |
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transcritical mode ar e
and the hours are |

15,
1.

ranglel 6f,rO0OM0 t o 27-4, 980t & WH)/d®e& einWwh /nfgt upon

Thaumber of hours in
such as Climate Zone
such as Climate Zone
Large Supermarket
Annual

to

climate zone. Demand
depending on climate

The
k Wh

The
as

Large

super mar ket

it

has

reductionld® ame e&0hde ktWed

Z0ne.

Supepeas e e splkivhaotieyt Aoobpegh 15, and
consumptionmlilnondaeagsesc | fiomate zones.

a

di fferent

2022

Title

prototype

24,

n
o

savings?droot dteywmpiedgdao @ett f or the first

has slightly higher
| oa dhoprscef iplreo ttotayrp et. h e

Par ti 260 2RPRG @ W ROACREG Repor t

r
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Tab2@Supercritical

Hour s

( Air

Cool ed

Climate Air Cooled (IAdiabatic
1 11 10
2 936 340
3 234 126
4 1,166 595
5 327 102
6 921 1169
7 467 703
8 1,730 862
9 1,790 594
10 2,104 759
11 2,185 736
12 1,541 628
13 2,518 1,043
14 2,305 392
15 4, 383 1,307
16 527 17

vV S .

5000

4000

3000

2000

1000

Climzte Zone

Supercritical Operating Hours by Climate Zone

; |...||._|||III|||I|I|||||.|||

CZ1 CZ2 CZ3 CZ4 CZ5 CZ6 CZ7 CZ8 CZ9CZ1ACZ11ICZ1A713Z14CZ18C716

B Air Cooled (Base Case) m Adiabatic (EEM 1)

FigwrSsupercritical hours (diSrM.cool ed
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Ov
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Su

ni mumoMilred and Adi ab&t zc nGasanBGo&lperci fic Eff

e proposed -cvoaollueeds afnodr aadiirabati c gas cool er s
nsidered standard practice and do not incur
erefore, this measure omdsy hagsgead bart etsh e nicmreer
s coolercesolzed fgas acool er s.

rge Refrigerat-€édoWadeBGass€o¢lher Sized at 6A

ual savings for the | arge refrigerated war
pected t 086G Athap®I5HHWbhmPr 1 ( 6hkWB)HAdependi ng upon
mate zone. Demand r é&duwmmntdi dres kr\Wa rdgeep elmadti mege o
e.

=]

5 —

erall, the gas cooler sized at 6AF approach
vings compenrteadl liynctroe t he Standard Design of
nes where there are positive kWh savings.

rge Super@molked GaAs rCool er Sized at 6AF Appr

nual savings for the first year are expecte
03 to @) 2dekeMmhdifng upon climate zone. Deman
2 to 3.4 kW depending on climate zone.

erall, the gas cooler sized at 6AF approach

vings compared increémPesiaghyoft o8AReappraoaadan

percritical Optimized Head Pressure Control

rge Refrigerated Warehouse

nual savings?defrritdher ®t2e D 0OWarfdhouse prototyyj
pected to range from 267 t%d&®Rerbdion k Whg oy (

i mate zone. Demand reduct i onr6s4 aarned elx6p ekcW e d

pending on climate zone.

erall, the optimized head pressure control

rcent to 4 percent kWhalsawprn otget xpenpanmrewalt ok \

e
nsumption when operating with 100 percent f
ur s

rge Supermar ket

nual savings?lforgd heu@dr, @DOk dtt prototype for
pected to vary fwiodne |98 otvoer2 2a, 70an gkevh/ yr (0 t
pending upon climate zone. Demand r-2du6ti on
d 9 kW depending on climate zone.
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The gas cooler fans run at full speed in the
temperature is as | ow as possible, compared t
fans modul ate speed to maintain a constant ap

the | eaving gas temperature and dryi ablbet empe
21

The gas | eaving the gas cooler is at a higher
Case compared to the Base Case. The | eaving g
pressure vessel at 40AF r( 56x8 apnssiiao)n ,s aat uhri agthieorn
fraction of the entering refrigerant is fl ash
Case compared to the Standard Case. This addi
stage mass flow as the heomprgéds sdragewacrokmpmeg sisn
intermedi ate pressure vessel. This increase

decrease in condenser fan power, resulting in

2022 Title 24, Par ti 260 2RPR@ @ VP ROACREG (Repor t



Tab2?2 &Operational C oOmptairmiszoend frbherad Pressure Contr ol

Run Cli miDay Di sch|  Leavin Leav, Conden HS HS Tot
Zoneand Press Cool Ga{ Power Mas| Compre{ Powe
Hour (ps Temper¢ Ent ha FI o Power (kv
( A (Btu (I Db
Stand 9 9/ 1 1, 53« 109 137. 36.18, 3 234.270.
Case 17: 2
Propo 9 9/ 1 1, 53« 112. 142. 14. 20, & 261. 276.
Case 17: 0

2022 Title 24, Par ti 260 2RPR@G @ VP ROACRES|7/Repor t



Subcriticale m\ynedriaetnur e Reset Contr ol Strategy

This proposed code change i s wouwisdcduerr edo st and
i ncrement al cost or energy savings.

Mi ni mum Saturated Condensing tTemperature Setp

This proposed code changact iscwoaisdcduerr erdo st and
i ncrement al cost or energy savings.

Heat Recovery (Large Supermarket)

Annual natural gas savings associated with a
per coefnta mini mum design total heatedoft or gjaen@tei c
from 3,000 therms/yr to 11,000 tceparsdiyreq@ron Ot
climate zone.

Tab22 F4iYesatr Energy | mpacts$LRegeSRebregkEoated
War ehouse PrototAipeo oBueidl d@dnggr C&Restri cti on

Clim¢ EIl ect Peak EI e Natur a TDV En
Zone Savirn Demand Red| Savir Savir
( kK Wh / ( kW (therm (TDV kB
1 (1. 0. C 0. C (34.
2 0. 7 0. C 0. C 32.
3 (0. 0. ( 0. C 6 . ¢
4 0. ¢ 0. C 0. C 2 7.
5 (0. 0. ( 0. ( (15.
6 0. ¢ 0. C 0. C 2 3.
7 (0. 0. ( 0. ( (9.
8 1. ¢ 0. C 0. C 32.
9 1. ¢ 0. C 0. C 51.
10 2.1 0. C 0. C 6 2.
11 2. € 0. C 0. C 125.
12 1.7 0. C 0. C 6 2.
13 1. ¢ 0. C 0. C 73.
14 2.1 0. C 0. C 7 3.
15 4 . 7 0. C 0. ( 167.
16 0. ¢ 0. C 0. C 9.1
a.Demand savings rounds to zer o on -tae xpterd essqaurairpet ifoomo tf d

prototypeaddmagrsd i ncreases.
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Tab?2@
War ehouse

FiYesatr Energy | mpact3s$LRegeSRebaregFfoated

PrototAipre Bwollald nGas Cool er Sized at

Clima EIl ect Peak EI e Natur a TDV En
Zone Savin Demand Red Savir Savir
( k Wh/ ( kW (therm (TDV kBt
1 0.1 0.0 0.0 3.9
2 0.0 0.0 0.0 0. 4
3 0.0 0.0 0.0 2.6
4 0.1 0.0 0.0 0.9
5 0.1 0.0 0.0 3.1
6 0.1 0.0 0.0 3.6
7 0.1 0.0 0.0 3.6
8 0.0 0.0 0.0 0.7
9 0.0 0.0 0.0 0.3
10 0.0 0.0 0.0 0. 3
11 (0. ( (0. C 0.0 (1. 2
12 0.0 0.0 0.0 (0. C
13 (0. C 0.0 0.0 (1. ¢4
14 (0. ( 0.0 0.0 (1.7
15 (0. ( 0.0 0.0 (3. (
16 0.0 0.0 0.0 1.5
a.Demand savings rounds to zer o on -tae xpterd essqaurairpet ifoomo tf d
prototype demand savings/increases.
b.Larger gas coolers with the same specific efficiency
Stdard Case assumes 100% fan speed during supercriti
negative TDV energy savings due to high condenser f a
y

factors

are higher, even if the otsdttalveannual energ
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Tab?24¢ FiYesat Energy I mpacts$lLBegeSRebdregEoated
War ehouse Protot§wpree Bar il tdii mal Optimi zed Head F
(with Modul ating Fan Speeds)

Clima El ect Peak EI e Nat ur a TDV En
Zone Savi i Demand Red Savit Savir
( K Wh/ ( kW (therm (TDV kB

1 0.0 (0. ( 0.0 0.1
2 0.1 (0. C 0.0 8.0
3 0.0 (0. C 0.0 4.1
4 0. 2 (0. ( 0.0 11. ¢
5 0.0 0.0 0.0 2.2
6 0. 2 0.0 0.0 10. 1
7 0.1 0.0 0.0 4.5
8 0.3 (0. ( 0.0 14.
9 0.3 0.0 0.0 14.°
10 0. 4 (0. ( 0.0 15. (
11 0. 4 (0. ( 0.0 14.°
12 0. 2 (0. ( 0.0 10. ¢
13 0.5 (0. ( 0.0 16.
14 0.5 (0. ( 0.0 18. 1
15 1.0 (0. ( 0.0 18.°"
16 0.1 0.0 0.0 4.0

a.Demand savings rounds to zer o on -tae xpterd essqaurairpet ifoom tf d
prototype demand savings/increases.
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Tab2®Fi rYsetar Energy | mpact3dLRegeSGupeembobket
PrototypeiBur€Coadliemdy Gas Cool er Restriction
ClimaEI ect Peak EI e Natur a TDV En

Zone Savin Demand Red Savir Savir

( k Wh / (kW (therm (TDV kBt

1 (1. ¢ 0.0 0.0 (53.

2 (0. ¢ 0.0 0.0 5. 2

3 (1. 2 0.0 0.0 (24.

4 (0. 3 0.0 0.0 12. ¢

5 (1. ¢C 0.0 0.0 (30.

6 (0. ¢ 0.0 0.0 (5. C

7 (0. 7 0.0 0.0 (22.

8 0.1 0.0 0.0 17 .7

9 0.3 0.0 0.0 26 . ¢

10 0. 8 0.0 0.0 41 . 1

11 1.4 0.0 0.0 67 . (

12 0. 4 0.0 0.0 36. ¢

13 1.4 0.0 0.0 6 7. ¢

14 1.3 0.0 0.0 54 . 7

15 4 . 5 0.0 0.0 170.

16 (0. ¢ 0.0 0.0 (9. 3
a.Demasdvings rounds to zero on a pteerx ts qdueasrcer ifpotoito nb afsoi

prototype demand savings/increases.

b.Because this measure was analyzed assuming adiabatic

peak energy sablia@agso havéesppoissive TDV energy saving

during times when TDV factors are comparatively very

are slightly negative.

2022
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24,
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Tab?2e FiYesatr Energy Bmpactes§EBege Super market
PrototypeiBurl €onged Gas Cooler Sized at ©6AF

Cli ma El ect Peak EI e Natur a TDV En
Zone SavirDemand Red Savit Savit
( K Wh/ ( kW (therm (TDV kB

1 0.2 (0. ( 0.0 7.0
2 0.1 0.0 0.0 3.7
3 0.1 (0. ( 0.0 5.1
4 0.2 (0. ( 0.0 5. 3
5 0.2 (0. ( 0.0 6.0
6 0.2 0.0 0.0 7.1
7 0.2 (0. ( 0.0 6.6
8 0.1 (0. ( 0.0 5.1
9 0.1 0.0 0.0 4. 3
10 0.1 (0. ( 0.0 4. 6
11 0.0 (0. ( 0.0 1.6
12 0.1 (0. ( 0.0 3.7
13 0.1 (0. ( 0.0 2.8
14 0.0 (0. ( 0.0 1.3
15 0.0 0.0 0.0 0. 8
16 0.1 (0. ( 0.0 2.8

a.Demand savings rounds t o zeReof eorne-tae gteird essqcurairpet ifoomo tf d
prototype demand savings/increases.
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Tab2® FiYesat Energy I mpacts$LBegeSGupeembkoket
PrototypeiBupkdcngtical Optimi zed Head Pressu
Modul atm ngp &ads)

Cl i ma El ect Peak EIl el Natur a TDV En
Zone Savir Demand Red Savir Savir
( k Wh / (kW (therm (TDV kB
1 0.0 0.0 0.0 0.0
2 0.1 0.0 0.0 3.5
3 0.0 0.0 0.0 2.8
4 0.1 0.0 0.0 4. 3
5 0.0 0.0 0.0 1.4
6 0.1 (0. ( 0.0 4.5
7 0.0 0.0 0.0 3. 4
8 0.1 0.0 0.0 5.1
9 0.1 (0. ( 0.0 5.3
10 0.1 0.0 0.0 5.1
11 0. 2 0.0 0.0 5.4
12 0.1 (0. ( 0.0 3.6
13 0. 2 (0. ( 0.0 4 . 7
14 0. 2 0.0 0.0 7.0
15 0.3 (0. ( 0.0 5.5
16 0.0 0.0 0.0 2.3
a.Demand savings rounds to zer o on -tae xpterd essqaurairpet ifoom tf d

i
prototype demand savings/increases.
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Tab2@& FidYeat Energy | mpact3dLRegeSGupeembobket
Prototype iBaatl dRemgovery for CO

Cl i ma El ect Peak EI e Natur a TDV En
Zone Savin Demand Red Savi Sawnig :¢
( k Wh/ (kW (therm (TDV kB
1 (0.1 0.0 0.1 2.5
2 (0.1 0.0 0.1 1.7
3 (0. 0.0 0.1 2.1
4 (0. 0.0 0.1 1.6
5 (0. 0.0 0.1 2.1
6 (0. 0.0 0.1 1.6
7 (0. 0.0 0.1 1.4
8 (0. 0.0 0.1 1.1
9 (0. 0.0 0.1 1.1
10 (0. 0.0 0.1 1.0
11 (0. 0.0 0.1 1.1
12 (0. 0.0 0.1 1. 2
13 (0. 0.0 0.1 1.0
14 (0. 0.0 0.1 1.1
15 (0. 0.0 0.0 0. 2
16 (0. 0.0 0.1 1.7
a.Demand savingermowmdsa toer squar e-tfeaxat dbeasscirsi.ptReofne rfeor

prototype demand savings/increases.

2. L£ost and Cost Ef fecti veness

2. 4dEler gy Cost Savings Methodol ogy

Energy cost savings were calculated by applyi
engy savings estimates that were derived usin

2.3.2DV is a normalized metric to calcul ate e
variable cost of electricity and natural gas
costs are expected to change over the period
meesures and nonresidential envel ope measures
nonresidenti al measures) . I n this case, the p
enercgpyst I mpacts are presented in nominal doll
and rsemrntethe energy cost savings realized ove

This code change proposaly conesnlrycapepl|l redbl ge
(both new constructBeonawnae talhd egrmdrn goyw)savi ngs
bet ween new contsetrrauttihcemrose,nangdgyatost savings an
bel owr efibyneenvc econstructi on.
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2. 4ER2er gy Cost Savings Results

Pesquare foot energy cost savings for newly ci
are realizeyeavepetihedi@fearatgd i n nominal d
Final CASEARE@dit EN@r gy cost pgeaewiemgg Rid) uzd2 3
dol laampsesen$Sedt i oabédiwd. bhe cost ef fTdet iomeiyess
benefit to the proposed meaBhiareesf arse ,elteltd rb en e
presen$edtionar?2. 4gbi valent to the PV PIWMDV el ec:
2023%.

The TDV met hodoakogeyl eacltlrowsi tpye savi ngs to be va
savings dwmpeakgperoinods. The code change propos:
i mpact on peak savingsoolsed hgas ecoolietsonTlha |
attributed twoalderavaftorc tglaes refri gerated war el
zones are given Nontssahengabpatbesbesmnes are neg

val aemsgl refl ect increasamndeinecggasenseamert gy nco
Cli mothe 3 has castngatvhegpedk hours and incre
during most of the remaining hours, so its pe
than 100 percent. The peak hour savings are h
The savings are noourte ienvetnhley rsepmmaciand ng cl i mat e
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Tab2@eContri bution ofAfteakatSavi Ggs Cool er s

Peak Peak AveraAvera
Clim‘Peak Hour s Aver ePeak Hour -Srgf/flln Hour ﬁgﬁf Savin
Zone $/TD\$/TD\Saving(TDV éSavirSaVinper H

(TDV ¢ % (TDV (TDV
1 Au@ 728295 p m 8p m 2.5 37.7 (1140 (278,)7 0. ¢ a 2)7 31) ¢
2 Jn28 29 30:5p m 8p m 2.94| 297. 36,3 26,470 13. 4035 30.1
3 Oct, SBpnmto 8 2.5/260. 149, 8 5218 285. 16, 6 5.9
4 Jun 28,528 ,1t8 2.5/206. 33,7 22406 15. 3,75 25.6
5 Oci, SDpmMmto 8 2.5 77.7 4,60 (128,171 (3. 511 (14.
6 Oci, SDpmMmto 8 2.5/137. 21,5 189, 6 11. 2,39 21.6
7 Se@342pm Hpan 250 90. & 2,44 (76, 6 ( 3. 272 (8.8
8 SeB452pm Jpan 2.5 98. 7 15, 3 270, 1 5.% 1,70 30. 8
9 Jun 28 ,:2p2n® Spad 2.5/184. 10,6 422, 5 2.5 1,18 48. 2
10 Jun 28,:2p2m SGpad 2.5 81.7 12,5 512, 3 2.5 1,39 58.1
11 Ju7,892p m Hpan 2.5/192. 109,61, 024, 10. 12,1 116.
12 Jun 28,:2p2m SGpad 2.5/187. 32,0 5009, 7 6.3 3,56 58.1
13 Jun 28,:2p2m SGpad 2.4/ 276. 53,7 602, 2 8.9 5,97 68.7
14 Jun 28,:2p2n® Spad 2.5/218. 61,3 604, 3 10. 6,81 68. ¢
15 Jun 28,:2p2n® Spad 2.5/225. 193,211,373, 14. 21,4 156.
16 FebB, :3Hp mdagan 2.5/ 141. 8 4 79,9 0.1 9. 3 9.1
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2. 4. Bcrement al First Cost

l ncremental first cosmornes dfhfei dinenti ad qwiopme nto
practices when compared to the cost of an equ
i mportant that the Statewide CASE Team consid
measure cost effectivemnssarel basedeothaldatiar st
and can change over time as markets evolve an
new technology and building practices.

Ai-Cool ed Gas Cool er Restriction

The increment al co9D|l Bdr gassaotvitreatsgdvaley as s ul
the use of adiabatic gas cool ers. Pricing dat
cooled gas coolterrataetd aa pnpornoiancahl t8e mper at ur e bet
outl et temperature and ambient dpryi chiung daetrmep ef
an adiabatic gas caoroateerd aap par onaocnmhi ntael mplesr at ur e

cooler outlet temperature and ambient dry bul
gas cool rr-was operating in dry motdhee cTuhrirse rsti
mi ni mum izing practices for adiabatic conden

deter min a percent cost increaseonehat was th
simul at i n for each prototype. The increment a
per creanrte f or adiabatic.

e
s

The price difference between the air cooled a
e
0

Il n addition to the equipment cost, an increme
of water piping and insttdl|l apedoemd asxes wer e
contingepey ceds 1Dsed. I n total the estimated i
assumed to be approximately $83, 000 and $34,0
respectively across all <c¢climate zones.

n

Mi ni murmohilred and Gadsi aoaotliecr Si zing and Speci fi

|l ncremental cost for gas cooler sizing- was de
cooled gas coolers and establishing an averag
($/ MBH) . The iinmcreemasne adssoazieated with a changq

temperature difference between the gas cool er
ambient air temperature was converted to a co

a corresponding increand thhethaceemeantad| yod a
The incremental first cost was estimated to b
temperature when selecting a | arger gas cool e

$2,500 per degree tempertaitmg eadlidfgerngas whe ol
super mar ket s.
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Supercritical Opti mi zed Head Pressure Control

The increment al cost for optimized head press
(as opposed to fan speeds at 100% speed durin
devel oped by accounting for both incremental e
commi ssioning costs. General optimized head p
practice for2gysaatnesmg,i twictah tCltOe key di fferences
i ncrement al cost associated with going from 1
supercritical mode to modul ating fan speed co
additional programming and commissioning time

consi dgthe dfunfing the operating approach temper
fan speeds modul ate to maintain a fixed appro
CQrack/ condenser. A | abor rate of $120/ hr was
factorpwasedapo calculate the total Il ncrement a
was estimated to be $10, 800 per prototype.

Subcritical Ambient Temperature Reset Control
This proposed code change i s wouwisdcduerr edo st and
i ncrement al cost or energy savings.

Mi ni mum Saturated Condensing ¢tTemperature Setp

This proposed code change i s wouwisdcduerr edo st and
i ncrement al cost or energy savings.

Heat Recovery (Large Supermarket)

The i ncrfemesnit aclost estiim@ta¢ T ercoivediyr ecst aGOf ol

TabB8@ ncrement al First Cost (Heat Recovery)
Amourt

Cost Category (2023

Equi pment (brazedHdXpl gt g colly@aolr/ COi $13,

Mat eripalps ng, ductwork, additional $10,

|l nstallation and Commi ssioning $13,

Taxes, Permits, Contingency and Ot $13,

Tot al $51,

The instatbmmi ssi andng | abor hours were estim

T Piping i nstia’lOl ahtoiuams lagab ddr75 per hour

T Addi ti onal electriz@l hamds canmt$®o6bspevortkour
f Labor to install c¢cb40 houdaucat o3 7@ipethamaud
T Engeenring antdd4pPlhoni sgat $90 per hour

2022 Title 24, Par ti 260 2RPR@ @ VP ROACRE7|8Repor t



7.perceanst added for taxegeamcckoper mgeascyawds3Dn

2. 4. dcrement al Mai ntenance and Repl acement
|l ncrement al mai ntenance cost is thentnomement
parts of the equipment, as well as periodic m
operating relative to yemareperpodcbifcasabyser s
value of equipment maintenance co®tes pesa&einngs
di scount rate (d), which is consistent with t
2022 TDV. The present value of nmd&iemtreriasnce co
calcul ated as foll ows:
01 Qi Q& o mMa 6 Qe QD wommaoc,m(mcaa%é%@l o

Ai-€Cool ed Gas Cool er Restriction

Adi abatic gas cool ers need adeiotoildmagl pmaaisnt ers
are wetted bycwagepadSheepdeto be cleaned per
the adiabatic condensers switch between dry m

ambient dry bulb temperature. The control str
that i1t is workmangtepanmal tgst Twas esti mated
$32,000 for the | arge warehouse and | arge sup
mai ntenance costs for the 15 years include th

The replacement cost wasscoasl desaeodTHf enrgp gpeaidashb
were estimated to be replygead Bhaétgsi smesrdod

of poeling pad replacement was estimated to b
warehouse and | arge supermarket, respectively
Laky, water usage and sewer costs were includ:

water districts were sampled to develop estim
average water and sewer costs were each $0.00
climateegoheing in different water and sewer
i Tab3 el ow.
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TabB®l15 Year Present Val ue Water and Sewer Co s
Cool er s

Climate Z 15 Year Water 15 Year Wat err
Costs (PVLRWE Costs (PVL30O

1 $6, 3 $3, E
2 $61, $31,
3 $31, $17,
4 $46, $24,
5 $32, $17,
6 $116, $62,
7 $65), $35,
8 $122, $6 3,
9 $111, $57,
10 $112, $56,
11 $93, $47,
12 $85, $44,
13 $108, $53,
14 $93, $46,
15 $149, $68,
16 $25, $15,

Mi ni mumoMdilred and Adiabatic Gas Cooler Sizing

There is no incremeassabdbcimat @ed ewiatnlc et Riost measul
Supercritical Opti mi zed Head Pressure Control
The optimized head pressure control needs per
modul ation in response to the temperature dif
temperatureviamgl gahse doeml er temperature i s wor k
mai ntenance cost was estimated to be $17,000
| arge supermar ket prototype, respectively. Th

include the 3 percent discount rate.

Subcritical Ambient Temperature Reset Control
This proposed code change i s wouwisdcduerr edo st and
i ncrement al cost or energy savings.

Mi ni mum Saturated Condensing ¢tTemperature Setp

This proposed oodeé deha@ngetias dmo udi dpcruarc tnioce and
i ncrement al cost or energy savings.
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He at Re
The inc

covery (Large

Sup

er mar ket)

rement al mai ntenance cost was calcul at

per yeper adkinsBcount r

|l abor r
Mai nt en

2. 4Chst

ate were esti
ance cost ov e

ate formdbegehabor Theues a

mat e
r 15

Ef fecti veness

This measure proposes a

to demonstrate that the

The Energy Commi ssion es
The Statewide CASE Team

the methodol ogy in this

were included in the ana
costs ov-egeat hpedlbod of a
from electricity savings
Design costs were not in
verification.

According to the Energy

bendgfeiotst (B/ C) ratio 1s
cost benefits realized o
mai ntenance costs for 15
cost savings.

Resul ts
t hrough

Tab3 & or

d to be 8 and $100 pe
years was calcul ated

mandat or yi sr egsuirreegnue nrte
meagyere percost odf ama

tablishes the procedu
coll abor at¢enf iwi mht lEate
report is consistent

|l ysis. The incrementa
nal ysisewg@yecostc| siaweid!
were also included i

cluded nor were t he i

Commi ssi onoOisf dtelfa ni t i
greater than 1.0. The
ver 15 years by the t
years. Th¥e ®BJdLt g aand

sfqutam e pesfiofte cctosvteness anal Va2 are pr e

new construct.

measur e.

2022

Title

on.

Al terations are not

24, Par ti 260 2RPR@G @ VP ROACRES|IRepor t



Tab82 -YBar -Ebfectiveness SummariyNeBPver Square F
Constr udtairgre Refri ger at AidC owd reedh cGiasse Cool er
Restriction

Cli ma Benef Cos't
Zone TDV Energy Cos Tot al Il nc Benetfoa
Ot her PV 2 PV Cds Cost F

(2023 (20R2S$
1 ($3. $2. (1. ¢
2 $2. $3. ! 0.8
3 $0. $3. ! 0.1
4 $2. $3. 0.7
5 ($1. $3. (0. ¢
6 $2. $4. . 0. 4
7 ($0. $3. (0. 1
8 $2. $4. 0.6
9 $4. $4. . 1.1
10 $5. $4. . 1.3
11 $11. $3. ! 2. 8
12 $5. $3. 1.4
13 $6. $4. 1.6
14 $6. $3. ¢ 1.6
15 $14. $4. ! 3.2
16 $0. $3. | 0.2
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TabBe&lsrear -Ebsectiveness SummariyNeRver Square F
Construdtairgre Refriger ait@as Waa elheorus®i zed at 6A

Cli ma Benef Cost Benetfo
Zone TDV Energy Cos Total 1Inc Cost F
Ot her PV 2¢ PV COd¢
(2023 (2023
1 $0. $0. 3. ¢
2 $0. $0. 0. :
3 $0. $0. 1. ]
4 $0. $0. 0.1
5 $0. $0. 2. (
6 $0. $0. 2.
7 $0. $0. 2.
8 $0. $0. 0. 4
9 $0. $0. 0. !
10 $0. $0. 0.
11 ($0. $0. (0.
12 ($0. $0. (0.
13 ($0. $0. (0.
14 ($0. $0. (0.
15 ($0. $0. (1.
16 $0. $0. 1.
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TabB4l5ear

-Ebfectiveness

SummariyNeRver Square F

Construdtairgre Refri ger atup eMaa reihtoiuc el Opti mi ze

Pressure Control (with Modul ating Fan Speeds)

Cli ma Benef Cost Benetfo
Zone TDV Energy Cos Total |Inc Cost KR

Ot her PV 2¢ PV Cd¢
(20RGS (2023
1 $0. $0. 2 0.
2 $0. $0. 2 2.
3 $0. $0. 2 1.
4 $1. $0. 2 3.
5 $0. $0. 3 0. "}
6 $0. $0. ¢ 2.
7 $0. $0. ¢ 1. ¢
8 $1. $0. ¢ 3. ]
9 $1. $0. ¢ 3. ¢
10 $1. $0. ¢ 4 .
11 $1. $0. ¢ 3. ¢
12 $0. $0. 3 2.
13 $1. $0. ¢ 4 .
14 $1. $0. ¢ 4 . §
15 $1. $0. 2 4 .
16 $0. $0. ¢ 1. (
2022 Title 24, Par ti 260 2RPRG @ VWP ROACRE3|4Repor t



Tab8®% -YBar -Ebfectiveness SummariyNeBPver Square F
Construdtairgre SuperAm@o&keéd Gas Cool er Restrict

Cli ma Benef Cost Benetfo
Zone TDV Energy Cos Total 1Inc Cost F
Ot her PV 2¢ PV COd¢
(2023 (2023
1 ($4. ] $2.1 (2.2
2 $0. 4 $2. 6 0.1
3 ($2. $2. 4 (0.9
4 $1. 1 $2.5 0. 4
5 ($2.] $2. 4 (1.1
6 ($0. ¢ $3.1 (0.1
7 (%$2. $2.7 (0.7
8 $1.5 $3.1 0.5
9 $2. 3 $3.0 0.7
10 $3. 6 $3.0 1.2
11 $5. 9 $2.9 2.0
12 $3. 2 $2. 8 1.1
13 $6. 0 $3.0 2.0
14 $4. 8 $2.9 1.6
15 $15. $3. 2 4. 6
16 ($0. $2. 3 (0.3
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TabBe@lsear

-Ebbfectiveness SummariyNeRer Square F

Construdtairgre SuperGaar ICotol er Si zed at 6AF

Cli ma Benef Co st Benetfo
Zone TDV Energy Cos Total 1nc Cost F
Ot her PV af PV CO¢
(2023 (2023
1 $0. $0. 9. 2
2 $0. $0. 4.5
3 $0. - $0. 6. 6
4 $0. - $0. 6. 7
5 $0. $0. 7.8
6 $0. $0. ( 9.1
7 $0. $0. | 8. 7
8 $0. $0. ( 6.0
9 $0. $0. ( 5.1
10 $0. $0. ( 5. 2
11 $0. $0. ( 1. 8
12 $0. $0. ( 4. 3
13 $0. $0. ( 3.3
14 $0. $0. ( 1.5
15 $0. $0. ( 0. 8
16 $0. $0. ( 3.7
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TabB®e -YBar

-EbEectiveness

SummariyNeRwe r

Square F

He a o

Constr udtairgre SuperSmaprketri tical Optimi zed

Control (with Modul ating Fan Speeds)

Cli ma Benef Cos't Benetfo
Zone TDV Energy Cos Total |Inc Cost KR

Ot her PV a¢ PV Cd¢
(2023 (2023
1 $0. $0. . 0.0
2 $0. $0. . 0.8
3 $0. $0. . 0.7
4 $0. $0. . 1.0
5 $0. $0. . 0.3
6 $0. « $0. 1.1
7 $0. $0. . 0. 8
8 $0. « $0. 1.2
9 $0. « $0. 1.3
10 $0. « $0. 1.2
11 $0. « $0. 1.3
12 $0. $0. . 0.9
13 $0. . $0. . 1.2
14 $0. $0. : 1.7
15 $0. . $0. . 1.3
16 $0. $0. . 0.5
2022 Title 24, Par ti 260 2RPRG @ W ROACRE3|7TRepor t



TabB8@& -YBar -Ebsectiveness SummariyNeRer Square F
Construdtairgre SupdmHmantkd&tecovery

Cl i ma Benef Cost Benetfo
Zone TDV Energy Cos Total 1Inc Cost K
Ot her PV 2¢ PV COd¢
(2023 (2023
1 $2. $1. ( 2.5
2 $1. $1. ( 1.6
3 $2. $1. ( 2.1
4 $1. $1. ( 1.6
5 $2. $1. ( 2.1
6 $1. $1. 1.6
7 $1. $1. 1. 4
8 $1. $1. 1.1
9 $1. $1. 1.1
10 $1. $1. ( 1.0
11 $1. $1. 1.1
12 $1. $1. ( 1.1
13 $1. $1. ( 1.0
14 $1. $1. ( 1.1
15 $0. $1. ©.p
16 $1. $1. ( 1.6

a.Benefits: TDV Energy Cost SBenepfsts OnbeéeuvudBVTDB¥VENgS
savings over the( breaerigpw +ofEmwmiarlyrsmesnt &t hEcosami ags2@

di scounted atianfkeati énpmt hakte percent ratel Other P
fi-cest savings if proposed first cost is |l ess than ¢
savings if PV of proposed maintenance costs is | ess
b.Costs: Tot al I ncrement aCofPresiemeclréddened| Cegtus pment ,
repl acteomeand mai ntenance costs over the period of an
(infdadjuenhed) three percent rate and if PV of propos
of current mainthemameeantadstma. nitfenance cost is negat.
benefit. I f there are no total i ncrement al PV cost s,

2022 Title 24, Par ti 260 2RPR@ @ VP ROACRES|8Repor t



2. 4Ré&ésponse to Stakehol der Comment s

One major comment was received f rhoen rtaafktehol d
CASE Report rel at edh it emnbeunbéngeuaessut teedc A rhaltogi e s

such as paral Jeglecctooanpsr meshani bal combcdeliengas
alternative to air cool ¢thegawdeoolkqguiremenit st

In reepom thitswa o@@fernitger ati on sSsys$bDenthet we me nmed
whet her or not parallel compressi onrefwoeucltdi vaec h
air cooled gas coolTehre rfeisrtsrti crte forni greeraastuiroen. Sy s
adkibati c gas coolers and the second -croeoflreidger at
gas csamlderpar al |l el compressi odr.wiGthhean s§ST esnet
parameters were not changéeldhebédtwoe esry stt eanst wwe rse
compared wiChbeasBasem ¢thatedsgads acool er with

compression. The compPparmZeprea WwWa@s denthisrcli ma
a benefit cost ratio of 1.35, which is margin

The tablsaanbmalrawewes the resul ts.

Tab8@Parall el Compression vs. Air Cooled Gas (

Run Tot al k Wh qT bV

Base Case (a

Tot
SavinTDV |[Savi ng
5
gas cool er)

1,981,|NA 7, 9NA

System 1 wit

1,781,]200, (52, 15, 757
gas cool er

System 2 wit
gas cooler (|1,935,/46, 1(56, 41, 416
and parall el

Al t hough parallel compressionfretdecesfthgecam
Ssyst ermets ulotndapipmr oxi mpe e togfn 2t3hneg ss aavcihi eved by th
restriction of ailTheceibbeds gastacno ochreardgey emde ut r a
alternative to the air coolDad ngoamse |cionogl elri nrietsatt

and timing constraints, gba$skpekctdobs wetrednoh.
in the design of a}pbpesémri srahecrntecmédICHdt e
acts as a flash subcooler which feeds | ower t
and | ow temperature | oads.

2022 Title 24, Par ti 260 2RPR@ @ VP ROACRES|9Repor t



2. Fi rYsetaSIt at ewi de | mpact s

2. 5Stlat ewi de Energy and Energy Cost Saving

The Statewide CASE Tewemacasttcat awedetbavingstf
construction by -sngulatriep|Ifyoiontg stahvei npgesr, whi ch ar e
2.4.DdDy assumptions about the percentage of ne
be i mpacted by the proposed code. The statewi
presenAppénxasA are the Statewide CASE Teamd0s a
percentage of new construction that would be
zone and building type).

Becausaenstcriziiscaln @@merging technology, and amr
refrigerant of choice for refrigerated wareho
of new construction square footedaystiesnsassumed

The -yeastenergy | mpactysearre parnensueant stahlva nfgisr sftr on
that were compl etyeedari ne n2e0r2g3y. clTohset 1sbavi ngs repr
cost savings oyeartaealkwnsisepabi odestTihmatsasat e
do not take naturally occurring markéd&@abaeéopti
40 hr olugghd resent -ytetag fsitrastewi de energy and ene
from newly constructed buildings by climate z
pressure control with modul ating é€éannsepemes w
climate zones, t Heanstatt etwhidse tCA®eE i s not recor
measure for adoption due to two main reasons:
per prototygpe pagsmemd{ +t he St @etaenwiddoee sCANSOE want

[ im i nnovation in control strategies. -The pro
cooled gas coolers combiwedl wdt gasheooéetrsi ¢cnh
ambient climate zones ensures that the 100% f
supeartdrcal w@etroitt iroensul t i n excess energy cons
head pressure is still adjusted based on ambi
included in the statewide savings estimates.

2022 Title 24, Par ti 260 2RPR@ @ VP ROACEE|ORepor t



Tab4@ Statewirdggy EBnNnd

Ener gy NEwsCohmp lodrs g e n

Refrigeratedi ANa@roeoh cewds eGas Cool er Restriction
Clim Statewi dFIi rYset& Fi rYseta Fi rYseta 15ea
Zone Constru EIl ect Pea Natur a Pres
| mpacte¢ Sain El ect Savir Val u
Propo ( GWh Demar(MMTher) Ener
Change i Reduct Cos
(nonresi ( MW Savir
mil |l ion (2023

fee

1 0.00 0.0 0. C 0 $0
2 0.0Q0C 0.0 0. C 0 $0
3 0.00 0.0 0. C 0 $0
4 0.0Q0 0.0 0. C 0 $0
5 0.00 0.0 0. C 0 $0
6 0.00 0.0 0. C 0 $0
7 0.0Q0 0.0 0. C 0 $0
8 0.00 0.0 0. C 0 $0
9 0.01 0.0 0. C 0 $78,
10 0.01 0.0 0. C 0 $60,
11 0.00 0.0 0. C 0 $100,
12 0. 02 0.0 0. C 0 $165,
13 0. 02 0.0 0. C 0 $153,
14 0.00Q0 0.0 0. C 0 $24,
15 0.00Q0 0.0 0. C 0 $32,
16 0.00Q0 0.0 0. C 0 $0
TOTA 0.09 0.18 0.11 0 $614,
a. Fiwysetar savings fawompladtle d udtl ati ewisde i n 2023.

2022

Title 24,

Par ti 260 2RRG @ W ROACEE|1IRepor t



Tabd @

St at ewi de

Energy

a n di NEenwve rCopyn sG@ @ tutcrt g mma c t

Refrigeratedi GMay e®Goallseer Si zed at 6AF
Clim Statewi dFi rYset& Fi rYseta Fi rYseta 15Yea
Zone Constru El ect Pea Natur a Pres
| mpacte Savir El ect Savir Val u
Propo ( GWh Demar(MMTher) Ener
Change i Reduct Cos
(anresid ( MW Savi i
mil |l ion (2023

fee

1 0.00 0.0 0. C 0 $28
2 0.00 0.0 0. C 0 $0
3 0. 02 0.0 0. C 0 $5, 5
4 0.00 0.0 0. C 0 $0
5 0.00 0.0 0. C 0 $67
6 0.00 0.0 0. C 0 $2, 6
7 0.00 0.0 0. C 0 $50
8 0.00 0.0 0. C 0 $0
9 0.00 0.0 0. C 0 $0
10 0.00 0.0 0. C 0 $0
11 0.00 0.0 0. C 0 $0
12 0.00 0.0 0. C 0 $0
13 0.00 0.0 0. C 0 $0
14 0.00 0.0 0. C 0 $0
15 0.00 0.0 0. C 0 $0
16 0.00 0.0 0. C 0 $32
TOTA 0. 03 0.00Q0 0.00 0 $9, 9

a. Fi sysetar

savings

from all

2022

Title

buil dings

24,

compl et ed

statewi c

Par ti 260 2RPRG @ W ROACEE|2Repor t



Tab42 Statewide Ener gy and Nenwe rCpyn sGd tuecrt g smma c t
Super marAk-€bol ed Gas Cool er Restriction

Cl i m| Statewi dFi rYset& Fi rYseta Fi rYseta 15Yea
Zone Constru EIl ect Pea Natur a Pres
| mpacte Savir El ect Savir Val u

Propo ( GWh Demar(MMTher) Ener

Change i Reduct Cos
(nonresi ( MW Savi i

mil |l ion (2023

fee

1 0.00O0 0.0 0. C 0 $0
2 0.00 0.0 0. C 0 $0
3 0.00 0.0 0. C 0 $0
4 0.00 0.0 0. C 0 $0
5 0.00 0.0 0. C 0 $0
6 0.00 0.0 0. C 0 $0
7 0.00 0.0 0. C 0 $0
8 0.00O0 0.0 0. C 0 $0
9 0.00O0 0.0 0. C 0 $0
10 0.29 0. 2 0. 2 0| $1, 085
11 0. 07 0.1 0. C 0 $428,
12 0. 30 0.1 0. 4 0 $983,
13 0.15 0. 2 0. Z 0 $929,
14 0. 06 0.0 0. C 0 $319,
15 0. 014 0. 2 0.1 0 $731,
16 0.00 0.0 0. C 0 $0
TOTA 0. 93 1.0 1.1 0| $4, 478

a. Fiwysetar savings fawompladtle d udtl ati ewisde i n 2023.
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Tab4® Statewide Energy and Nemwe rCpy sAdtutcrtj mmact
Super marmGkhest Cool er Sized at ©6AF
Clim Statewi dFi rYsetd Fi rYseta Fi rYseta 15ea
Zone Constru El ect Pea Natur a Pres
| mpacte¢ Savir El ect Savir Val u
Propo ( GWh Demarn MMTher Ener
Change i Reduct Cos
(nonresi ( MW Savir
mil |l ion (2023
fee
1 0.01 0.0 (0. 0 $6, 7
2 0.06 0.0 0. C 0 $21,
3 0. 26 0.0 (0. 0 $121,
4 0.13 0.0 (0. 0 $65,
5 0.02 0.0 (0. 0 $15,
6 0.19 0.0 0. C 0 $123,
7 0.16 0.0 (0. 0 $96,
8 0. 27 0.0 (0. 0 $124,
9 0.41 0.0 0. C 0 $161,
10 0.00 0.0 0. C 0 $0
11 0.00 0.0 0. C 0 $0
12 0.00 0.0 0. C 0 $0
13 0.00 0.0 0. C 0 $0
14 0.00 0.0 0. C 0 $ 0
15 0.00 0.0 0. C 0 $0
16 0.02 0.0 (0. 0 $5, 8
TOTA 1. ¢ 0. 3 0. C 0.C¢ $741,
a. Fifsysetar savings from all buildings completed statewic
2. 5S”2at ewi de Greenhouse Gas (GHG) Emi ssi on
The Statewide CASE Team calcul ated avoided GH
emi ssionspteacfoed in the United States Enviro
EPA) Emissions & Generation Resource I ntegrat

El ectri cniattyi oo oQoduinci |

CaliforniAay ol WEAC GEAMX)

emi ssions from natural gas savingsscaatliteri butab
el ectrical power generation are calcul ated wus
EPAG6s Compilalth wnawmt RBmrsfddPpesdppendirosr DAP
additional details on the methoddhoghbused to
analysis assumes an average electricetyeremiss
GWh based on the average emission factors for
2022 Title 24, Par ti 260 2RPRG @ WP ROACEE|4Repor t



Tabddaantabd®dresent the -gsdai maveddédr GHG e mi ssi

proposed code change; the avoided GHG emissio
added apsl emumetaisures address the same equi pment
emi ssion calculated here are the indirect GHG
Anot her side benetsystoégdmg riasistche trneadadctCiOon i n
high GWRI (whoming potential) refrigerants suc
refrigeration systems. The energy efficiency

transcridbtaiscealli nGGO system against a:2yghemf &ndi e
t hus drherreo direct emi ssions reduct.ions result

Tab#44¢ FiYesatr Statewide GHG EmiasgieomRefrrmgactas ed
War ehouse

Measur e El ectt Reduced GHG E Tot al R e
Savih from El ecvirndg CQe Emi s&i
( GWh/ (MetrisCQ€J (Metric 289
Ai-Gool ed G 0.1 37 37
Cool er Res
Ai-Gool ed G 0.0 1 1
Cool er Siz
TOTAL 0. ] 38 38
a. Firyetar savings from all buildings completed statewic

b. Assumes the following emied &SWbn factors: 227.9 MTCO

Tab4® FiYesatr Statewide GHG Hmhiasgieodspemmac ket

Measure EIl ect Reduc Nat ur a Reduc Tot
Savi®tn GHC Savitn GHC Reduc
(GWh)Y Emi ssi(MMTher m¢ Emi ssi C Qe
fro froEmi ss
El ect NatU(Metri(
Savitn Ga ¢ C Qe )
( Me t Savihn
Ton ( Met
C Qe Tons 2C
Ai-Gool ed 0. 8 19¢ 0 0 19¢
Cool er
Restric
Ai-Gool ed 0. 3 77 0 0 77
Cool er
6 AF
TOTAL 1 27 € 0 0 2 7€
a.Fi fyetar savings from all buil dings completed stat

b.Assumes the following emie¢g¢ &EWhn factors: 227.9 MTC
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2. 5513atewi de WamparctWse

The proposed code change would not result in
to increase due twoobhedregasricobliensofnamul tiop

| mpacts on water Usddé&reétpwasemtssdmend t hat al
water usage occurred outdoors, and the embedd
kWh/ million gallons of water. The embeadded el
2015 CPUC study that quantified the embedded
that save both water and Apmpemglydxd i GPiUCN &21015) .
i nrfrmati on on the embedded electricity savings

Tab4@ | mpacts on Water Use and Embedded EIl ect

| mpact OnSi tOnsite OL Embedd
|l ndoor Water Seé El ect
Savit (gall o Savitn

(gal l ( k Wh/

Per Square Foot (3 (040D

o]

0
Per Square Foot 0 (9 (0.0
Fi fyetd3t at ewi de | 0 16,8 3) ( 85 9)/

a. Assumes embedded energy factor of 4,848kWh per mil |
3,565 kWh per million gallons of water for outdoor w

2. 5St4at ewi de Materi al | mpact s
The proposed code change woulsdomee gsuu brnee aasdudri et si.

The use of adiabatic -gael edofjasscooal pfacwoofd
decrease the materi al (steel) wuse, as the adi
approach (1l ower capacddogl)ed ogmpst riosxdo Sttemr rddhdeanda iCra
The -poe®l er pad material would be additional m
coolers. The industry usecsoal iviag i pads ;ofc aenaltelrc
pads are considered in this materi al I mpact a

Supercadi taind subcritical optimized head pressu
setpoint of 60AF would not have any i mpact on
change the equipment contr ol

The increase in gas cool er siizegapanpearr s« ds itze d
at 6AF compared to 8AF in the Base Case, woul
the gas coolers would need more materi al to r
approach. The increase in the mataes icado luesrage
manufacturer dat a.
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Tab4® FiYesatr Statewide | mpadétLarge Raefergefated
War e hoiussi«€fool ed Gas Cool er Restriction
Materi al | mpact | mpact on Materi al
(I, D.® Cpeynit I nFirvsetdStat e
Il mp a
Cellul ose o I 0. 9, 8
of -poeling
materi al s
a.Materi al I ncrease (l), Decrease (D), or No Change (N
b. Fi tyetar savings fawompladtle dudtl ati mwisde i n 2023.
Tab4e& FiYear Statewide | mpattarge RNefergelated
War e hoiuGaes Cool er Sized at ©6AF
Mat eri al | mpact |l mpact on Materi al
(', D,® Opeyniltmpa(Fi rYsetd®t at e
I mp a
St eel I 0.0C 52
a. Materi al Il ncrease (1), Decrease (D), or No Change (N
b. Fi fysetar savings from all buildings completed statewic
Tab4@® FiYesat Statewide | mpadétarge Saper malt k&se
Ai-€ool ed Gas Cool er Restriction
Mat eri al |l mpact | mpact on Materi al
(I, D.® peynit | rFi rYsetd®t at e
Il mp a
Cell ul ose or I 0.0 115,
pr-eool i ng pa
a.Materi al I ncrease (l), Decrease (D), or No Change (N
b. Fi fyetar savings from all buil dings completed statewic
Tabb@e FivesIt atewi de | mpact siLoanr gMea tSeurpiearl mal skee t
Gas Cooler Sized at 6AF
Materi al |l mpact | mpact on Materi al
(1, D.* ‘peynit Ir Fi rYsetd
St atewi de
St eel I 0. 0C¢C 10, &
a. Materi al | Dneccrreeaassee ((ID),, or No Change (NC) compared t
b. Fi fyetar savings from all buil dings completed statewic

2022 T
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2. 50tbher -EM@m gy | mpact s
No®nergy benefits associated with the propose
education addngndér st ansstremieamer &€t0i ons. As t |
California continues to seek reduction in gre
refri gvwrupmdtesent an opportunity for market act
consistent with statewide goal s.
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3Submeasure B:-CMohe dnu@o Aden s
Sizing and Specific Effilci
Refrigeration Systems

3. Measure Description

3. 1Mdasure Overview

TheaSéwi de CASE Team proposes that the mini mu
condensers for packaged refrigeration systems
decreased t eefefneacbtlievec oisntst al |l ati ons. Condenser
t emperditfufrer ence (TD) between the design dry
condensing temperature. The | arger the temper
condenser. The exi sARADgfoequi e emeAtFB sft d@mMhs an.
cooler systeomed Tlragup rAdme nftori sf rleSe zerAFBD st e ms
for cooler systems. Specific efficiency, whic
be modified from 65 Btuh/W to 60 Btuh/ W. This
requirement t hawi twhaosu td ecvoenlsoipdeedr at i on of the pa
system technology type, while also providing
routinely undersized.

As part of this submeasure proposal, the stan
confusidncandemser requirement exemptions for
condensing units. As part of a code | anguage
specific efficiency, and condenser fins per i
exempted for teondasnsimgduaitently interpreted
requi sietfd ecastve analysis. These requirements
units with compressor horsepower | ess than 10
The code change is applicable to new construc

There® no proposed acceptance testing associat
There are no proposed updates to the complian

Because the proposed code change does not res
ener gy ssawnidngost effectiveness analysis has n

3. 1Masure History

Packaged refrigeration systems are a growing
refrigeration systems that are used to provid
| nst eacde notfr aal ' y | ocated engine room with | arge
provide cooling to all spaces throughout the
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proposed/7ocdfharnge. r&eeor3ecftoirondet ali
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3131 Summary of Changes to the Standards

This proposayl twoe |Ifdo ImMoadwifintgl e eZatsi odhteso wonf 6b e | o w.
See Set.tdfonr hi s repoptcbde mangedge.

SECTI ON TIDEG.IINI TI ONS ANDCORSLTERU COH ON
Section 0LD&f ilfibt)i ons

This change adds definitions for condensing u
The reason for adding themriegutemat yt hems Setce i
The necetsosiitmpripsviear’d, 66s compliance with the
consistenaefy Calitfeoarnmi a Government Code Secti ol
California Coddiol eRdgulSacitoons, 16.

SECTI ON 120.6 Mandatory Requirements for Cove
120. 6i(Coo)ndd=err s

Section 112Th.p6u(rap)odsfe of itshcitsa rcihfayn gtehe excepti on

requi rbeynechef i ni ng what i s consider.ed Bsquick ¢
necestsariymprobi@artd, 66s compl i ancceomsiitsht eerhcey c | &
critodriCali fornia Government Code Sections 113

Code of ReTiutllag ilo,nsSecti on 16.

Section 4B20ke 6 @ pose of taldids tcthlreamspe ciid itco cond
requirements rdlngt adittees a@aonndd i kiag ene cg 3 & Mp
becaubese requirements do not exist in the cu

Section 1RVepgragdtdeBl y from t he aboveex,e nmphtiisonc hoafr
sizieguirémencteondensing uniThe vedsobnild@HRthat
included at the end hosf cSheacntgieo nitsd 2nOercpa(sadyadr.y2 4 ,
Part 606s compliance with t g dladriiftoy nda md Goores
Code Sections 1134QakhntdondiBd9CaddaoatieRdgulSarci
16.

Section 1R20he& (myrdPBose of nahkies tchhea nsgeec oinsd teox c e p
this section tihcd aadrmléy derse ,d madaubaott! oawgpil yk t o
chilling.lotr ifseemdpgdasgespr ovlea2d,606s compliance w
clarity and coomfsiGaleinfcoyr cira t@aver nment Code Se
11349.1, and CaliformMidl@ode ®&fecRepuwl dt6i.ons,

Section 1l1PDhe&é (myrdgocramd ectliharsitfoy t he |l dagdi gn co
that apply to quick chiltld nigmfoiro Mierae2edz,i6ndgs. It

compliance with the cl| aocgfi t§alainfdorcroinas i Gd\weircrymer
Sections 11349 and 113409Relg ulaantdi todnasl,ilf, o rSreica i @m

2022 Title 24, Par ti 260 2R2R@G @ VP ROACRELIORle po r t



Section 17Z8e6pa)pbesmamgseo &d exemptions for
condensing units and packaged units under 100
anflins per inch Trheegsbnemsrcit ®riitmprawve i nclude |
units (condaerred irr@adyniekeimptelange iismmprecwes sary
TitlRar¥d,606s compliance with thd coCladriiftoyr namd
Government Code Sections 113L£9danadflRz24ul btia
Title 1, Section 16.

Tabl e -HiZTh.e6 pur pose of t hei scdh asndgde tthoe tshp esc it faibd
requirements for packaged units and condensin
and to specify theetaerimmgi ogndipEkcbdschendeci
necessary to make t htehda arbd set comfn sSesdteindanswi i zh0. €

3132 Summary of Changes to the Reference Append
The proposed code change would not modify the

3133 Summary of Changes to the Nonresidential A
The proposed code change would not modify the

3134 Summary of Changes to the Nonresidenti al (

The proposed code cSheacntgieo nwolud .d6 .nfd3 tftG@endenser s
Nonresidenti al Cé&mpl| Seb.tdfoMahnwalreport for the
proposed revisions to the text of the Complia

3135 Summary of Changes to Compliance Document s

The proposed code change would modify the com
Examples of the revised documénts are present

T NRCPRe&EiIrevised to include a table section
temperature difference for air cooled cond

3. 1Rdgul atory Context

3141 Exi sting Requirements in the California Er

The egisegui rements in Title 24¢co®@hed 6 for mi
condensers for refri getreampeedr amaur reeh oduisfef e rse nac el Ok
dry bulb temperature and saturated condensing
freezersfamndcksnisStserving coolers. There current
condensing units below 100HP and for systems

| oads.
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3142 Rel ationship to Requirements in Other Part
Code

There are naimrelmewndarst imegpt her parts of the Ca

3143 Rel ationship to Local, St at e, or Feder al L
There are no relevant | ocal , stat e, or feder a

3144 Rel ationship to Industry Standards

There are no relevant industry standards.
3.1Cdbmpliance &ameé&nEnforc

When developing this proposal, the Statewide
streamline the compliance and enforcement pro
mar ket actors who are involved in the process
sectionbdeslkbow to comply with the proposed co
compliance ver iApipceantdpioxemsEpmobs elsew t he proposed

i mpact various mar ket actors.

The activities that need to occur during each

1T Design PkRassegn engineers, contractors, and
develop refremedasign kgads and select the
configuration and pieces of equipment to s
involved should be aware of the proposed c
cooled condensers i f a paeacReagte dt tsegy sltceard 9.5

T Permit AppliclypiomalPlhya,swautddwélraptarset of
stamped engineering plan dr awonphpdcbodehe o
refrigeration system design and equi pment
devel oypeadn b ndependent engineering firm and
contractors to supply bids for the project
incorporate information on the packaged re
condenser design spdéceicftiedateigaun .melnft tdle s n
Title 24, Part 6, the authority having jur
comments to correct this before providing

1T Constructi €onPhaséoprs instald/l thei bedrimger
the approved plan drawings, with oversight
jurisdiction. The installed equipment shou

specified in the Tehgusi pinse ndto csucGheendeuelded.by t he
Process Cerdgtidlilcaattieomfand signedtlypitchaé!l yes
t hlei censed mechani cal contractor .
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T I'nspecti oAf Pbaseonstruction, the owner o
responsibility to have the building an
by abehority having jurisdiction. This
examination of the refrigeration system
described in the plan drawings matches

h

The compliance procesgsedgssir mbedr abovehe proc
exists for measures related to refrigerated w
Updates to the existing refrigerated warehous
( NREGRCRE) are antici patigheirms ,orodvenrerfsgr acheal cont
provide evidence on their design drawings tha

Title 24, Part 6. These compliance document s
the exi-cdadolngd acondensenm eidzi ng cd ardtRidd6.n NMdNRCC
additional acceptance tesasnghis awrpequepgment

specificaticomtamd m@ttcaficati on

3. Mar ket Anal ysi s

3. 2Mdr ket Structur e

The Statewide CASE Team performedoé mdekéet fgn
current technology availability, current prod
considered how the proposed standard may i mpa
individual mar ket actors. | nf ormtaali omo swta so fg a't
complying with the proposed measure. Estimate
applicability were identified through researc
utility program staff, Energy Commi srssi,on nst af
addition to conducting personalized outreach,
current mar ket structure and potenti al mar ket
meetings that the Statewide CASE Team held on

Tk packaged mar ket i s comprised of the follow
manufacturers, distributors/ sales representat
contractors, and end users. The packaged syst
uppl i eldt ibyl enuor i gi nal equi pment manufacturer ¢
o eight major manufacturers. Packaged system
rom approxi mately 40 tons of refrigeration (
efrigersantncolpstdioong ammoni a and HFCs (R134a).
nclude ambient dry bulb following control wi
ontrolled in unison per current Title 24, Pa
options dree ianwdiuldang fl oating suction pressur

O — = = ~ (n
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contr ol of the compressors. Most packaged wut.i

mar ket options available with water cooled co
Il n order twh adtetteyrpme nseend what si ze package shou
refrigerated warehouses or new refrigerated w
build contractors are hired by the end users
are on thelbromayoonfdésign build contractors t
California with experience in industrial refr
equi pment. There are multiple items for consi
specified. Thesser acnognes ifdreornateinoenr gy ef ficiency,
installation cost, first cost, application ty
materials of construction. Once the packaged
the equi pment tuhrreaouwsghdimeaencuflayctor t hrough distr
and resell the equipment-upoptihee enfndsesenrns m:
option to purchase equipment directly from a
practice The pepsl ani oheomaekedtus$or industr.i
are facility owners ranging from cold storage
processing, and agricul tural product processo
Nati onal Laborat orz0 1s2 ufdoyr chenmdaurcd eRlesmonse pot
California Refrigerated Warehouses, a sampl e
were surveyed. This sample popul atibnrids es$ti
the entire statewidechbichfgiagy pespumatéednendnu
500 facilities.

3.2T&€chni cal Feasibility, Mar ket Avail abi l

A mar ket study was conducted to understand th
current design optuiscenrss ,a vaanidl ahbolwe tthoe seendopt i ons
existing Title 24, Part 6 code | anguage. The
mar ket study.
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TabbtPackage System Market Summary

Manuf act CapaciRefgreiralCondens TypicallCondenMini nmHead Pres:
Avail aOptionType OpCool ed [Fan 70F SControl wi
( TR) CondensVariahb Cool ed Col
Sizing Speed
Contro
Manufact/Up to Ammoni Air Co 152 @F Yes Yes Temperatu
i .eloatin
pressur
Manufact/Up to AmmoniWater C N/ A N/ A Yes N/ A
Manufact/Up to AmmoniWater C N/ A N/ A Yes N/ A
Manufact Up to R134a Air Co 18%Fi20@F Yes Yes Temperatu
i .eloatin
pressur
Manufact/Up to Ammoni Air Co 1 3¢ Yes Yes Temperatu
Water C G .elLoatin
pressur
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Overall, there are three main manufacturers t
their package system design. While Title 24,
control, mi ni mum SCT, and condenser fan contr
products in the market, air cooled condensers
required for central systems.

The proposed code change pr opcoosodle dwocuwlndd eanlsleor vs
be installed as part of thetpaeclksagod | sy sti enppd .y
modi fied to accommodate higher design saturat
existing code | a#d g atgemperqautiurien géd ilfoPacleage t o
manufacturers would stildl be cempaltl ¢gd| tao gei 2
keep the compressors within the compressor ma
envel ope without excessively high head pressu
are sized for the highest annual ambient temp
operating points would stildl be at reduced he
would stildl be utilizing variable fan speed c
energy consumpti on.

3.2Market I mpacts and Economic Assessments

32311 mpact ons Buil der

Buil ders of residential and commercial struct
measures proposed by the Statewide CASEsTwamh
the nor mal practicesdplusthébei bubuneésessag npo aa
building codes. When necessary, builders enga
in order to remain compliant with changes to

Californiads construction industry imenbmpri s
and 860,000 empbd»éeas 2048¢ tot al payroll was
17,000 establishments and 344,000 emmpmleoyees f
remainder of establishments and empl oyees wor
and other heavy construction (industrial sect

"Average total mont hly empl oyment i nnGdalriufcar mina iinduzQ I 8
represented 4.5 percent of 2018 empl oyment.
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